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ENHANCED TRAVEL MODES FOR
VEHICLES

This application claims priority to and 1s a continuation of
U.S. patent application Ser. No. 15/727,234, filed on Oct. 6,
2017, the entire contents of which are incorporated herein by
reference.

BACKGROUND

Vehicles may be used to transport people between difler-
ent locations. Normal driving procedures may include
maneuvering the vehicle within the confines of a lane,
maneuvering around turns in the road, safely passing
through intersections, as well as complying with traflic laws.
In most scenarios, all vehicles traveling on a road may be
given equal priority in order to reach their respective des-
tinations. In such scenarios, all vehicles may be controlled
so as to maximize the efliciency of traflic flow on the road
and/or on portions of a road network.

BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description 1s described with reference to the
accompanying figures. In the figures, the left-most digit(s) of
a reference number 1dentily the figure 1n which the reference
number first appears. The same reference numbers 1n dif-
ferent figures indicate similar or identical 1tems.

FIG. 1 1s a schematic diagram of an example environment
through which an example vehicle travels along a road of a
road network. As shown in FIG. 1, such a vehicle may
include a preferential travel mput device configured to
enable a passenger of the vehicle to request a prioritized path
or other preferential travel benefits when traveling to a
particular destination.

FIG. 2 1s a block diagram illustrating an example vehicle
system architecture.

FIG. 3 1s a block diagram illustrating an example vehicle
control system architecture useful for interacting with
vehicles remotely.

FIGS. 4a and 4b are schematic views of a portion of an
example road network 1n which example vehicles are trav-
cling along respective paths. In such examples, at least one
of the vehicles may be traveling along a prioritized path to
a particular destination.

FIGS. 5a and 36 are additional schematic views of a
portion of an example road network in which example
vehicles are traveling along respective paths.

FIGS. 6a and 6b are further schematic views of a portion
of an example road network in which example vehicles are
traveling along respective paths.

FIGS. 7a and 7b are still further schematic views of a
portion ol an example road network in which example
vehicles are traveling along respective paths.

FIG. 8 1s a flow diagram of an example method for
operating one or more vehicles traveling 1n an example road
network. Such an example method may 1include determining,
and providing one or more sets ol parameters governing
operation of one or more vehicles while the vehicles travel
to respective destinations.

DETAILED DESCRIPTION

This disclosure 1s generally directed to facilitating inter-
action between a vehicle, such as a driverless vehicle, a
remotely located vehicle control system, one or more other
vehicles, and/or one or more other devices (e.g., traflic

5

10

15

20

25

30

35

40

45

50

55

60

65

2

signals, signs, barriers, bridges, etc.). As mentioned above,
such a vehicle traveling on a road of a road network, from
a first location to a particular destination at a second loca-
tion, may require or request preferential travel for a variety
of reasons. For example, the vehicle and/or a passenger
thereol may be part of a travel program or other premium
service 1n which prioritized or preferential travel 1s a benefit.
A passenger of the vehicle may also request preferential
travel 1n emergency situations or in other time-sensitive
situations. In such circumstances, for example, the passen-
ger may provide a touch input, a voice input, a gesture input,
and/or other input via a preferential travel input device of the
vehicle. The preferential travel input device may be operably
connected to a vehicle controller configured to process such
an put, and to provide a signal indicative of such an 1nput
to the remotely located vehicle control system. The nput
may additionally or alternatively be provided to the vehicle
controller by one or more applications operable on a mobile
phone, tablet, laptop computer, or other electronic device,
and 1n such examples, such electronic devices may comprise
a preferential travel mput device. In still further examples,
such preferential travel may be a preset user setting and/or
a subscription-based service associated with the vehicle
and/or the user. In such examples, the vehicle may auto-
matically be granted preferential travel once the passenger
enters the vehicle and/or once the vehicle 1s turned on.
Additionally, the passenger may be granted preferential
travel upon paying a subscription fee and/or upon paying a
one-time fee upon requesting preferential travel.

As will be described 1n greater detail below, during
normal operations, the vehicle may travel and/or otherwise
operate according to a set of nominal operating parameters
or parameters, and such operating parameters may be
adjusted if preferential travel 1s requested by a passenger of
the vehicle. For example, upon receiving a request from the
passenger, the vehicle controller may provide a signal
indicative of a request for preferential travel to the remote
vehicle control system via one or more wireless networks.
Based at least partly on such a request, the remote vehicle
control system may determine a set of parameters that
includes modifications to the nominal operating parameters
currently governing operation of the vehicle from which the
request for preferential travel originated (e.g., a “requesting
vehicle”). Such a set of modified parameters may include,
for example, a new/modified speed threshold below which
the requesting vehicle may be permitted and, 1n some
situations, required to operate, a new/modified drive line
along which the requesting vehicle may be permitted and, 1n
some situations, required to travel, a new/modified drnive
envelope along which or within which the requesting vehicle
may be permitted and, 1n some situations, required to travel,
new/modified trathc rules (e.g., rules governing vehicle
operation with regard to stop signs, tratlic lights, no passing
zones, school zones, or other areas) with which the request-
ing vehicle must abide, and/or other new/modified rules or
limitations for operating the requesting vehicle within the
road network.

In some examples, the set of parameters may include road
network data and/or other information that may be used by
a vehicle controller of the requesting vehicle to generate a
drive envelope that defines a prioritized path along which
the requesting vehicle may travel between the vehicle’s
current location 1n the road network to the desired destina-
tion. Alternatively, such a set ol new/modified parameters
may 1dentily, define, and/or include such a priornitized path.
Such a prioritized path may include a path 1n which none of
the additional vehicles, or a limited number of additional
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vehicles, 1n the road network are disposed within a drive
envelope of the requesting vehicle as the requesting vehicle
travels to the destination. In some examples, the prioritized
path may be selected and/or otherwise determined based at
least 1n part on the fact that no other vehicles are present
within such a drive envelope. Additionally or alternatively,
the additional vehicles 1in the road network may be actively
controlled to avoid the trajectory of the requesting vehicle.
In such examples, the signal provided to the remote vehicle
control system by the vehicle controller may include sensor
information and/or other information indicative of the
requesting vehicle’s current location. The signal may also
include an address, global positioning coordinates, and/or
other indication of the desired destination. The signal may
turther include an 1dentifier uniquely 1dentifying the request-
ing vehicle, an additional identifier umiquely 1dentifying one
or more passengers of the requesting vehicle, and/or other
information related to the request. Further, in any of the
examples described herein, such a “drive envelope™ may be
defined as a preferred area on which the vehicle should drive
to reach a destination having an extent along a direction of
travel associated with a distance the vehicle may traverse in
a fixed period of time (e.g., according to a receding horizon
technique) or a specified finite distance. For example, such
a drive envelope may extend a length along a drive segment,
line, and/or route along which the requesting vehicle may be
controlled to travel for approximately 10 seconds. Alterna-
tively, such a drive envelope may extend a fixed distance,
e.g. S00 feet, mn the direction of a line and/or route along
which the requesting vehicle may be controlled to travel.
Such a “drive envelope” may comprise a drive line indicat-
ing an ideal line for the vehicle to follow within the drive
envelope. As used herein, a trajectory may be a selected
subset of the “drive envelope™ in which the vehicle actually
traverses, or 1s selected to traverse. It 1s understood that the
finite period of time and finite distance noted above are
merely examples and, in further embodiments, such finite
periods of time and finite distances may be greater than or
less than those noted above.

In such examples, and based at least 1n part on the request,
one or more computing devices of the remote vehicle control
system may determine a first set of parameters associated
with the requesting vehicle as well as one or more additional
sets of parameters associated with the remaining vehicles 1n
the road network. The first set of parameters may require that
the requesting vehicle travel along a prioritized path from
the vehicle’s current location to the particular destination.
Such a prioritized path may be configured such that none of
the additional vehicles 1n the road network are disposed
within one or more drive envelopes (e.g., a series of con-
secutive drive envelopes) of the requesting vehicle as the
requesting vehicle travels to the destination. The additional
sets of parameters may require that the remaining vehicles 1n
the road network remain outside of the prioritized path of the
requesting vehicle. For example, a second set of parameters
provided to a second vehicle traveling in the road network
may require that the second vehicle remain outside of the
trajectory of the requesting vehicle as the requesting vehicle
travels to a destination. Further, 1n some examples the signal
sent to the remote vehicle control system by the requesting
vehicle may identily an area, zone, radius, and/or other
location that 1s to be avoided by the additional vehicles 1n the
road network (e.g., a temporary non-entry zone) when the
requesting vehicle 1s disposed proximate and/or within such
a location. In such examples, such locations may be 1den-
tified 1n the one or more additional sets of parameters
determined by the remote vehicle control system.
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4

Additionally, while some embodiments of the present
disclosure relate to centralized control examples in which
signals are provided to a remote vehicle control system and
in which the remote vehicle control system determines one
or more sets of parameters based at least in part on such
signals, in other embodiments, such a remote vehicle control
system may be omitted. For example, 1n additional decen-
tralized control embodiments the vehicle controller of the
requesting vehicle may provide a signal indicative of a
request for preferential travel to the respective vehicle
controllers of one or more of the additional vehicles located
in the road network via the one or more wireless networks.
In such embodiments, the vehicle controller of the request-
ing vehicle may determine a first set of parameters includ-
ing, among other things, a prioritized path for the requesting
vehicle to travel along. As noted above, such a priontized
path may include one or more drive envelopes and/or
trajectories, and none of the additional vehicles may be
disposed within or along such drive envelopes and/or tra-
jectories as the requesting vehicle travels along the priori-
tized path to the destination. Additionally, based at least
partly on such a request, the vehicle controllers of the
additional vehicles may determine additional respective sets
of parameters for operating the corresponding vehicles.
Such additional sets of parameters require that each of the
additional vehicles remain outside of the one or more
trajectories of the prioritized path as the requesting vehicle
travels to the destination. In some examples, one or more of
the additional vehicles and/or owners or passengers of the
additional vehicles may be compensated for operating in
accordance with such additional respective sets of param-
cters and/or for otherwise facilitating the preferential travel
of the requesting vehicle. For example, as part of requesting
preferential travel and/or as a requirement for being granted
preferential travel, a passenger of the requesting vehicle may
pay a corresponding fee. In such examples, at least a portion
of the fee may be distributed to an owner or passenger of one
or more of the remaining vehicles within the road network
whose travel 1s hindered, de-prioritized and/or otherwise
aflected by the requesting vehicle being granted preferential
or prioritized travel. The techniques and systems described
herein may be implemented 1n a number of ways. Example
implementations are provided below with reference to the
figures.

FIG. 1 1s a schematic diagram of an example environment
100 through which an example vehicle 102 travels. The
example environment 100 includes a road network 104
including a plurality of example roads 106 having two pairs
108 of lanes 110a, 1105 separated by a median or double-
yellow line 112. For example, a first lane 1104, a second lane
1105, and/or one or more additional lanes may be at least
partially defined by a lane dividing line 114 and/or a lane
boundary line 116. The example road 106 also includes
shoulders 118 located on opposite sides of the road 106. FI1G.
1 also shows an example geographic location 120 associated
with a departure location including a structure 122, such as
a house or building, and an example destination 124 also
including a structure 126, such as a house or building. The
road network 104 provides a number of roads 106 defiming
a path between the geographic location 120 and the desti-
nation 124, and FIG. 1 shows an enlarged view of a portion
of an example road 106. The road network 104 may include
a number of features, such as curves, intersections with
cross-roads, crosswalks, traflic signs, traflic lights, railroad
crossings, bridges, traflic circles, directional arrows, etc.

As shown 1n FIG. 1, the example vehicle 102 may travel
through the example environment 100 via the road network
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104 according to a path extending from the geographic
location 120 to the particular destination 124. For the
purpose of illustration, the vehicle 102 may be a driverless
vehicle, such as an autonomous vehicle configured to oper-
ate according to a Level 5 classification 1ssued by the U.S.
National Highway Trathc Safety Administration, which
describes a vehicle capable of performing all safety-critical
tfunctions for the entire trip, with the driver (or occupant) not
being expected to control the vehicle at any time. In that
case, since the vehicle 102 may be configured to control all
functions from start to completion of the trip, including all
parking functions, 1t may not include a driver. This 1s merely
an example, and the systems and methods described herein
may be incorporated into any ground-borne, airborne, or
waterborne vehicle, including those ranging from vehicles
that need to be manually controlled by a driver at all times,
to those that are partially or fully autonomously controlled.

The example vehicle 102 shown 1 FIG. 1 1s an automo-
bile having four wheels 128 and respective tires for each of
the wheels 128. Other types and configurations of vehicles
are contemplated, such as, for example, vans, sport utility
vehicles, cross-over vehicles, trucks, buses, agricultural
vehicles, and construction vehicles. The vehicle 102 may be
powered by one or more internal combustion engines, one or
more electric motors, hydrogen power, any combination
thereot, and/or any other suitable power sources. In addition,
although the example vehicle 102 has four wheels 128, the
systems and methods described herein may be incorporated
into vehicles having fewer or a greater number of wheels,
tires, and/or tracks. The example vehicle 102 has four-wheel
steering and may operate generally with equal performance
characteristics 1n all directions, for example, such that a first
end 130 of the vehicle 102 1s the front end of the vehicle 102
when travelling 1n a first direction 132, and such that the first
end 130 becomes the rear end of the vehicle 102 when
traveling in the opposite, second direction 134, as shown in
FIG. 1. Similarly, a second end 136 of the vehicle 102 1s the
front end of the vehicle 102 when travelling in the second
direction 134, and such that the second end 136 becomes the
rear end of the vehicle 102 when traveling 1n the opposite,
first direction 132. These example characteristics may facili-
tate greater maneuverability, for example, 1n small spaces or
crowded environments, such as parking lots and urban areas.

In the example shown 1in FIG. 1, and as will be explained
in greater detail below, the vehicle 102 may use various
sensors and a vehicle controller to autonomously operate
through the environment 100 along a path via the road
network 104. For example, the vehicle controller may be
configured to determine a drive envelope 138 defined by
virtual boundaries 140 within which the vehicle 102 may
travel. For example, the drive envelope 138 may have a
variable envelope width 142 in the width direction of the
vehicle 102, and a vaniable envelope length 144 extending in
the direction of travel of the vehicle 102. In some examples,
the virtual boundaries 140 of the drive envelope 138 may be
determined based at least in part on sensor data received
from sensors associated with the vehicle 102 and/or road
network data recerved by the vehicle 102 via a road network
data store, as explained in more detail herein. In some
examples, the vehicle 102 may travel along a drive line 146
within the drive envelope 138. In such examples, the drive
line 146 may extend approximately centrally through the
drive envelope 138, and the drive envelope 138 may define
at least part of the path along which the vehicle 102 travels
to reach the particular destination 124. For example, the path
along which the vehicle 102 travels may be approximately
as wide as the vehicle 102 and/or the envelope width 142. In
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some examples, the drive line 146 may be, or may be used
to determine, a trajectory along which the vehicle 102 may
follow to achieve the desired path. Such a trajectory may be
determined by, substantially simultaneously, generating a
plurality of trajectories and selecting one of the trajectories
which 1s best able to achieve the path. In such examples, the
trajectory may be calculated 1n accordance with a receding,
horizon technique such that the trajectory only provides
commands for a particular time window (e.g. less than 10
seconds) and 1s recalculated at a certain frequency (e.g. 10
Hz, 30 Hz, etc.).

The vehicle 102 may also include a preferential travel
input device 148 and a preferential travel output device 150.
Shown schematically in FIG. 1, the preferential travel input
device 148 and the preferential travel output device 150 may
comprise separate respective devices or components of the
vehicle 102. Alternatively, the preferential travel input
device 148 and the preferential travel output device 150 may
comprise a single mput/output device. The preferential
travel mput device 148 may be configured to assist a
passenger with requesting preferential travel to the destina-
tion 124 and, 1n particular, with requesting a set of param-
cters governing operation of the vehicle 102 as the vehicle
travels to the destination 124. Such a set of parameters may
include, for example, road network data, global positioning
information, trailic rules, and/or other information that may
be utilized as mputs to a vehicle controller of the vehicle
102. In such examples, the vehicle controller of the vehicle
102 may generate and/or otherwise determine a drive enve-
lope including a drive line 146. As noted above, 1n any of the
examples described herein, such a drive line 146 may be, or
may be used to determine, one or more trajectories (e.g., a
series ol consecutive trajectories) along which the vehicle
102 may travel. In this way, the drive line 146 and/or the one
or more trajectories may define a prioritized path extending
from the vehicle 102 to the destination 124. In additional
examples, the set of parameters may define and/or otherwise
include a drive envelope that includes and/or otherwise
defines the prioritized path.

In some examples, the preferential travel mnput device 148
may comprise a button, switch, knob, lever, or other com-
ponent of the vehicle 102 configured to receive a manual,
physical, or touch mput from a passenger. Such a preferen-
tial travel mput device 148 may also comprise one or more
touch screen displays, physical keyboards, virtual keyboards
(e.g., a keyboard displayed via a touch screen or other
display device), or other user interface devices of the vehicle
102 configured to recerve such input. In still further
examples, the preferential travel mput device 148 may
comprise one or more microphones configured to receive
voice commands or other audible mput from the passenger,
and/or one or more cameras configured to receive visual or
gesture mput. In such examples, the vehicle controller may
include voice recognition functionality, gesture recognition
functionality, or other such capabilities 1n order to process
inputs recerved via the preferential travel input device 148.
In any of the examples described herein, the preferential
travel output device 150 may comprise a speaker, a display
(e.g., a touch screen display), a heads-up display, and/or
other such device configured to display, announce, and/or
otherwise output at least part of a prioritized path along
which the vehicle 102 may travel. The preferential travel
output device 150 may include any of the components
described above with respect to the preferential travel mput
device 148. The preferential travel input device 148 and the
preferential travel output device 150 may be operably and/or
otherwise connected to the vehicle controller of the vehicle
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102. It 1s also understood that such iputs and/or outputs
may be provided by one or more applications operable on a
mobile phone, tablet, laptop computer, or other electronic
device that are 1in communication (wirelessly or otherwise)
with the vehicle 102, and in such examples, such electronic
devices may comprise a preferential travel imput device 148
and/or a preferential travel output device 150.

In some examples, the preferential travel input device 148
may be configured to receive an mmput from a passenger of
the vehicle 102 indicative of a request for preferential travel,
and the preferential travel mput device 148 may be config-
ured to generate and/or send a signal to the vehicle controller
of the vehicle 102 containing information indicative of the
request, at least partly 1n response to such an input. In such
examples, the vehicle controller of the vehicle 102 may be
communicatively and/or otherwise connected to a network
152, and the vehicle controller may provide a corresponding
signal and/or request to a remote vehicle control system 154
via the network 152. In any of the examples described
herein, a request for preferential travel may comprise a
request for a prioritized drive envelope and/or path extend-
ing from the vehicle 102 to a particular destination 124 that
1s accessible via the road network 104 on which the vehicle
102 is traveling. In response, the vehicle controller of the
vehicle 102 may request assistance from the remote vehicle
control system 154 and, in particular, may request the
determination of a set of modified parameters governing
operation of the vehicle 102 as the vehicle 102 travels to the
particular destination 124. Such a set of modified parameters
may include, for example, an alteration of at least one of the
nominal operating parameters currently governing operation
of the vehicle 102. In another example, such a set of
modified parameters may include at least one additional
operating parameter not included in the nominal operating
parameters. In a further example, such a set of modified
parameters may omit one or more of the nominal operating,
parameters. In some examples, the vehicle 102 may be a part
of a fleet of vehicles 1n communication with the remote
vehicle control system 154 via the network 152. In such
examples, the signal provided by the vehicle controller of
the vehicle 102 may include sensor information and/or other
information indicative of a current location of the vehicle
102. The signal may also include an address, global posi-
tioming coordinates, and/or other indication of the desired
destination 124, and such information may be provided by
the passenger via the preferential travel input device 148.
The signal may further include an identifier uniquely 1den-
tifying the requesting vehicle 102, an additional i1dentifier
uniquely 1dentifying one or more passengers of the request-
ing vehicle 102, and/or other information related to the
request.

As will be explained in further detail below, at least partly
in response to such a request, the remote vehicle control
system 154 may determine a first set of modified parameters
governing operation of the vehicle 102. The first set of
modified parameters may include a modified (e.g., priori-
tized) drive envelope 138 comprising a modified (e.g.,
prioritized) drive line 146. As noted above, such a drive line
146 may comprise one or more trajectories (e.g., a series of
consecutive trajectories) defining a prioritized path from the
vehicle 102 to the destination 124. In any of the examples
described herein, the first set of modified parameters may
include road network data and/or other information that may
be used by the vehicle controller of the vehicle 102 to
determine such a drive envelope and/or prioritized path. For
example, the first set of modified parameters may also
identity portions of the road network 104 which may or may
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not be used by the requesting vehicle 102 as the vehicle 102
travels to the destination 124. At least partly 1n response to
such a request, the remote vehicle control system 154 may
also determine a second set of modified parameters govern-
ing operation of a second vehicle of the fleet of vehicles.
Such a second set of parameters may include a modified
(e.g., a reduced priority) drive envelope 138 comprising a
modified (e.g., a reduced priority) drive line 146. Such a
drive line 146 may comprise one or more trajectories (e.g.,
a series ol consecutive trajectories) defining a second path
(e.g., a path of reduced priority) along which the second
vehicle of the fleet of vehicles travels such that the vehicle
102 providing the request may have priority in reaching the
destination 124 along the road network 104. Alternatively,
the second set of parameters may include road network data
and/or other information that may be used by the vehicle
controller of the second vehicle to determine such a second
path (e.g., by rerouting the second vehicle to take alternate
routes allowing the vehicle 102 to have less traflic on the
prioritized route). In such examples, the second set of
parameters may be at least partly more restrictive than the
first set of parameters. For example, 1n accordance with the
second set of parameters, the second vehicle and/or a
remainder of the plurality of vehicles may be permitted and,
in some situations, required to clear at least one of the first
lane 110a or the second lane 11056 of the road 106 such that
the vehicle 102 providing the request may travel along a
prioritized path (i1.e., a travel path 1n which none of the
additional vehicles 1n the road network are disposed within
the drive envelope or along one or more trajectories of the
requesting vehicle 102 as the requesting vehicle 102 travels
to the particular destination 124. In any of the examples
described herein, one or more of the vehicles 102 may form
a caravan and/or a motorcade as the vehicles 102 travel
together 1 the road 106. Further, in any of the examples
described herein, one or more of the vehicles 102 may
include an nput/output interface or other component that
enables dynamic short range communication between the
respective vehicles 102. For example, such components may
cnable a first vehicle 102 to communicate a first set of
modified parameters, a prioritized drive envelope 138, a
prioritized drive line 146, one or more trajectories, a priori-
tized path, and/or any other information described herein to
one or more additional vehicles 102 traversing the road
network 104 having corresponding input/output interface
components. Such additional vehicles 102 may also be
configured to commumnicate information back to the first
vehicle 102, using the corresponding mput/output interface
components, 1 response to information recerved from the
first vehicle 102.

In some examples, and as shown schematically in FIG. 1,
the remote vehicle control system 154 may be located at a
remote control center 156, and one or more human operators
158 may also be located at the remote control center 156 1n
order to operate the remote vehicle control system 154. In
some examples, one or more of the operators 158 may not
be human. For example, they may be computer systems
leveraging artificial intelligence, machine learning, and/or
other decision making strategies in order to operate the
remote vehicle control system 154. In the example shown,
the operator 158 may interact with one or more vehicles 102
in the fleet of vehicles via an operator computing device 160.
The operator computing device 160 may include one or
more displays 162 configured to provide the operator 158
with data related to operation of the vehicle 102, a subset of
the fleet of vehicles, and/or the fleet of vehicles. For
example, the display(s) 162 may be configured to show data
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related to sensor signals received from the vehicles 102, data
related to the road network 104, requests for preferential
travel received from the vehicles 102, and/or additional data
or information to facilitate providing travel paths, vehicle
information, directions, and/or other information or assis-
tance to the vehicles 102. In addition, the operator comput-
ing device 160 may include an operator mput device 164
configured to allow the operator 158 to provide information
to one or more of the vehicles 102, for example, 1n the form
of signals providing guidance to the vehicles 102. The
operator input device 164 may include one or more of a
touch-sensitive screen, a stylus, a mouse, a dial, a keyboard,
a keypad, and/or a gesture-input system configured to trans-
late gestures performed by the operator 158 into input
commands for the computing device 160. As explained 1n
more detail below, the remote vehicle control system 154
may provide one or more of the vehicles 102 with a set of
modified parameters that may be used by the local vehicle
controllers of the respective vehicles 102 to govern opera-
tion of the respective vehicle 102. It 1s understood, however,
that any of the methods and/or operations described herein
with respect to the remote vehicle control system 154 may
be performed by one or more of the respective vehicle
controllers of the vehicles 102 traversing the road network
104. In such examples, the remote vehicle control system
154 may be omitted and, for example, the various sets of
parameters, drive envelopes, paths, drive lines, trajectories,
and/or other operational parameters described herein may be
determined and/or provided by at least one of the vehicle
controllers.

FIG. 2 1s a block diagram of an example architecture 200
including vehicle systems 202 for controlling operation of
the systems that provide data associated with operation of
the vehicle 102, and that control operation of the vehicle
102. Any of the components described with respect to FIG.
2 may be mcorporated into one or more of the vehicles 102
described herein.

In various implementations, the architecture 200 may be
implemented using a uniprocessor system including one
processor, or a multiprocessor system including several
processors (e.g., two, four, eight, or another suitable num-
ber). The processor(s) may be any suitable processor capable
ol executing mstructions. For example, 1n various imple-
mentations, the processor(s) may be general-purpose or
embedded processors implementing any of a variety of
instruction set architectures (ISAs), such as the x86, Pow-
erPC, SPARC, or MIPS ISAs, or any other suitable ISA. In
multiprocessor systems, each processor may commonly, but
not necessarily, implement the same ISA. In some examples,
the processor(s) may include a central processing unit
(CPU), a graphics processing unit (GPU), or a combination
thereol. The processor(s) may comprise a component of the
vehicle controller described herein. In some examples, the
processor(s) may include one or more field-programmable
gate arrays, application-specific integrated circuits, micro-
processors, and/or other processor components.

The example architecture 200 may include a non-transi-
tory computer readable media configured to store executable
istructions/modules, data, and/or data 1items accessible by
the processor(s). In various implementations, the non-tran-
sitory computer readable media may be implemented using
any suitable memory technology, such as static random
access memory (SRAM), synchronous dynamic RAM
(SDRAM), nonvolatile/Flash-type memory, or any other
type ol memory. In the illustrated implementation, program
instructions and data implementing desired functions, such
as those described above, are shown stored within the
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non-transitory computer readable memory. In other imple-
mentations, program instructions, and/or data may be
received, sent, or stored on different types ol computer-
accessible media, such as non-transitory media, or on similar
media separate from the non-transitory computer readable
media. Generally, a non-transitory, computer readable
memory may include storage media or memory media, such
as tlash memory (e.g., solid state memory), magnetic or
optical media (e.g., a disk) coupled to the architecture 200
via an I/O interface. Program instructions and data stored via
a non-transitory computer readable medium may be trans-
mitted by transmission media or signals such as electrical,
clectromagnetic, or digital signals, which may be conveyed
via a communication medium such as a network and/or a
wireless link, such as may be implemented via a network
interface.

In some 1implementations, the I/O interface may be con-
figured to coordinate 1/0 trathic between the processor(s), the
non-transitory computer readable media, and any peripheral
devices, the network interface, or other peripheral interfaces,
such as input/output devices. In some implementations, the
I/O interface may perform any necessary protocol, timing, or
other data transformations to convert data signals from one
component (e.g., the non-transitory computer readable
media) 1into a format suitable for use by another component
(e.g., processor(s)). In some implementations, the I/O inter-
face may include support for devices attached through
various types ol peripheral buses, such as a variant of the
Peripheral Component Interconnect (PCI) bus standard or
the Universal Serial Bus (USB) standard, for example. In
some 1mplementations, the function of the I/0 interface may
be split 1into two or more separate components, such as a
north bridge and a south bridge, for example. Also, 1n some
implementations, some or all of the functionality of the I/O
interface, such as an interface to the non-transitory computer
readable media, may be mcorporated directly into the pro-
cessor(s).

In the example architecture 200 shown in FIG. 2, the
example vehicle systems 202 include a plurality of sensors
204, for example, configured to sense movement of the
vehicle 102 through the environment 100, sense environ-
mental data, such as the ambient temperature, pressure, and
humidity, and/or sense objects in the environment 100
surrounding the vehicle 102. In some examples, the sensors
204 may include sensors configured to 1dentify a location on
a map (e.g., a geographic location of the vehicle 102). The
sensors 204 may include, for example, one or more light
detection and ranging sensors (LIDAR), one or more cam-
eras, one or more radio detection and ranging sensors
(RADAR), one or more sound navigation and ranging
sensors (SONAR) (e.g., ultrasonic transducers), one or more
microphones for sensing sounds in the environment 100,
such as sirens from law enforcement and emergency
vehicles, and other sensors related to the operation of the
vehicle 102. Other sensors may include a speed sensor,
sensors related to operation of internal combustion engines
and/or electric motors, sensors related to the tires to detect
tire temperature, tire pressure, and tread depth, and/or brake-
related sensors for detecting brake temperatures and/or wear,
and in vehicles having regenerative braking, sensors for
detecting parameters related to operation of the regenerative
braking system. The sensors 204 may also include, for
example, 1nertial measurement units (IMUs), accelerom-
eters, and gyroscopes. The sensors 204 may be configured to
provide sensor data 206 representative of the sensed objects
and signals to the vehicle systems 202 via, for example, an
input/output (I/0) mterface 208. Other types of sensors and
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sensor data are contemplated. As noted above, 1n some
examples one or more of the I/O interfaces 208 described
herein, and/or the vehicle system 202 generally, may include
an antenna, transmitter, transceiver, and/or other compo-
nents configured to enable dynamic short range communi-
cation between the vehicles 102. In particular, such compo-
nents may enable the transfer of signals and/or information
between the vehicles 102 as the vehicles traverse the road
network 104.

The example vehicle systems 202 also include location
systems 210 configured to receirve location information,
including position and orientation data (e.g., a local position
or local pose (e.g., a location and orientation)) from the
sensors 204 and/or external sources, and provide location
data 212 to other portions of the vehicle systems 202 via the
I/0O 1nterface 208. The external sources may include global
satellites for facilitating operation of a global positioning
system (GPS) and/or a wireless network for communicating
and receiving information related to the vehicle’s location,
such as map data. The location systems 210 may also include
sensors configured to assist with navigation of the vehicle
102, such as wheel encoders for sensing the rotation of the
wheels 128, mertial navigation sensors, such as gyroscopes
and/or accelerometers, and/or cameras for obtaining image
data for dead-reckoning navigation (e.g., visual odometery),
a Bayesian filtering schema (e.g. SLAM), bundle adjust-
ment, or the like.

The example vehicle systems 202 also include one or
more of a path calculator 214, an object data calculator 216,
an object classifier 218, a collision predictor system 220, a
kinematics calculator 222, and a safety system actuator 224.
The vehicle systems 202 may be configured to access one or
more data stores including, but not limited to, an object type
data store 226. The object type data store 226 may include
data representing object types associated with object clas-
sifications for objects detected 1n the environment 100.

The example vehicle systems 202 shown 1n FIG. 2 also
include a vehicle controller 228 configured to receive
vehicle control data 230, and based on the vehicle control
data 230, communicate with a drive system 232 (e.g., a
steering system, a propulsion system, suspension system,
and/or a braking system) to control operation of the vehicle
102. For example, the vehicle control data 230 may be
derived from data received from one of more of the sensors
204 and one or more of the path calculator 214, the object
data calculator 216, the object classifier 218, the collision
predictor system 220, the kinematics calculator 222, and the
safety system actuator 224, and control operation of the
drive system 232, so that operation and maneuvering of the
vehicle 102 1s executed.

In some examples, the path calculator 214 may comprise
a software and/or hardware component of the vehicle con-
troller 228, and the path calculator 214 may be configured to
generate data representative of a trajectory of the vehicle
102, for example, using data representing a location of the
vehicle 102 1n the environment 100 and other data, such as
local pose data, that may be included 1n the location data
212. In some examples, the path calculator 214 may also be
configured to determine projected trajectories predicted to
be executed by the vehicle 102. The path calculator 214 may,
in some examples, be configured to calculate data associated
with a predicted motion of an object 1n the environment 100,
and may determine a predicted object path associated with
the predicted motion of the object. In some examples, the
object path may include the predicted object path. In some
examples, the object path may include a predicted object
trajectory. In some examples, the path calculator 214 may be

10

15

20

25

30

35

40

45

50

55

60

65

12

configured to predict more than a single predicted object
trajectory. For example, the path calculator 214 may be
configured to predict multiple object trajectories based on,
for example, probabilistic determinations or multi-modal
distributions of predicted positions, trajectories, and/or
velocities associated with an object. In any of the examples
described herein, the path calculator 214 may configured to
generate and/or otherwise determine a path along or within
which the vehicle 102 will travel, and such a path may be
determined by the path calculator 214 based at least partly
on and/or 1n accordance with a set of parameters provided by
the remote vehicle control system 154. In particular, in some
examples the path calculator 214 may be configured to
determine a drive envelope 138 defining and/or including a
drive line 146 along or within which the vehicle 102 will
travel to the destination 124. Such a drive line 146 may
indicate an 1deal line for the vehicle 102 to follow and may
further comprise one or more trajectories (e.g., a series of
consecutive trajectories), and the drive line 146 and/or such
trajectories may define a prioritized path extending from the
vehicle 102 to the destination 124.

In some examples, the object data calculator 216 may be
configured to provide data representative of, for example,
one or more of the location of an object 1n the environment
100 surrounding the vehicle 102, an object track associated
with the object, and an object classification associated with
the object. For example, the object data calculator 216 may
be configured to receive data 1n the form of sensor signals
received from one or more of the sensors 204 and determine
data representing one or more of the location 1n the envi-
ronment 100 of the object, the object track, and the object
classification.

In some examples, the object classifier 218 may be
coniigured to access data from the object type data store 226,
which may be configured to store data representing object
types, such as, for example, a species of an object classifi-
cation, a subclass of an object classification, and/or a subset
of an object classification. The object classifier 218, 1n some
examples, may be configured to analyze data representing an
object track and data representing an object classification
with data representing an object type, and determine an
object type based at least in part on the object track and
classification data. For example, a detected object having an
object classification of an “automobile” may have an object
type of “sedan,” “coupe,” “hatch-back,” “sports utility
vehicle,” “pick-up truck,” or “minivan.” An object type may
include additional subclasses or subsets. For example, a
“sedan” that 1s parked may have an additional subclass
designation of being “static” or “being dynamic” 1 moving.

In some examples, the collision predictor system 220 may
be configured to use the data representing the object type,
the data representing the trajectory of the object, and/or the
data representing the trajectory of the vehicle 102, to predict
a collision between the vehicle 102 and the object.

In some examples, the kinematics calculator 222 may be
configured to determine data representing one or more scalar
and/or vector quantities associated with motion of objects 1n
the environment 100, including, but not limited to, velocity,
speed, acceleration, deceleration, momentum, local pose,
and/or force. Data from the kinematics calculator 222 may
be used to compute other data, including, but not limited to,
data representing an estimated time to impact between an
object and the vehicle 102, and data representing a distance
between the object and the vehicle 102. In some examples,
the kinematics calculator 222 may be configured to predict
a likelihood that other objects 1n the environment 100 (e.g.,
cars, motorcyclists, pedestrians, cyclists, and animals) are
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moving 1n an alert or controlled state, versus an un-alert or
uncontrolled state. For example, the kinematics calculator
222 may be configured estimate the probability that other
objects are moving as though they are being controlled
and/or are behaving 1n a predictable manner, or whether they
are not being controlled and/or behaving 1n an unpredictable
manner, for example, by observing motion of the object over
time and relative to other objects 1n the environment 100.
For example, 11 the objects are moving erratically or without
appearing to adjust to the presence or motion of other objects
in the environment 100, this may be an indication that the
objects are either uncontrolled or moving 1n an unpredict-
able manner. This may be inferred based on sensor data
received over time that may be used to estimate or predict a
tuture location of the object relative to a current or future
trajectory of the vehicle 102.

In some examples, the safety system actuator 224 may be
configured to activate one or more safety systems ol the
vehicle 102 when a collision 1s predicted by the collision
predictor 220 and/or the occurrence of other safety related
events, such as, for example, an emergency maneuver by the
vehicle 102, such as hard braking or a sharp acceleration.
The safety system actuator 224 may be configured to acti-
vate an 1nterior safety system (e.g., mcluding seat belt
pre-tensioners and/or air bags), an exterior safety system
(e.g., including warning sounds and/or warning lights), the
drive system 232 configured to execute an emergency
maneuver to avoid a collision, and/or any combination
thereotf. For example, the drive system 232 may receive data
for causing a steering system of the vehicle 102 to change
the travel direction of the vehicle 102, and a propulsion
system of the vehicle 102 to change the speed of the vehicle
102 to alter the trajectory of vehicle 102 from an initial
trajectory to a trajectory for avoiding a collision.

The vehicle systems 202 may operate according to the
following example. Data representing a trajectory of the
vehicle 102 in the environment 100 may be received by the
vehicle controller 228. Object data associated with an object
in the environment 100 surrounding the vehicle 102 may be
calculated. Sensor data 206 from one or more of the sensors
204 may be used to calculate the object data. The object data
may include data representing the location of the object in
the environment 100, an object track associated with the
object, such as whether the object 1s stationary or moving,
and an object classification associated with the object, such
as whether the object 1s another vehicle, a pedestrian, a
cyclist, an amimal, or a stationary object. In some examples,
the object data calculator 216, based on the object data, may
be used to determine data representing the object’s location
in the environment 100, data representing whether the object
1s moving, and data representing a classification associated
with the object.

In some examples, the path calculator 214 may use the
object data to determine a predicted path of the object in the
environment, for example, based on data representing the
location of the object and may process that data to generate
data representing a predicted object path. Data representing
the type of object may be determined based on the data
representing whether the object 1s moving, data representing
the object’s classification, and/or data representing object’s
type. A pedestrian not 1n motion, a vehicle 1n motion, and
traflic sign, a lane marker, or a fire hydrant, none of which
1s 1n motion, are examples of object types with an associated
motion data.

In some examples, the collision predictor system 220 may
be used to predict a collision between the vehicle 102 and an
object 1 the environment 100 based on the object type,
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whether the object 1s moving, the trajectory of the vehicle
102, the predicted path of the object obtained from the path
calculator 214. For example, a collision may be predicted
based 1n part on the object type due to the object moving, the
trajectory of the object being in potential contlict with the
trajectory of the vehicle 102, and the object having an object
classification that indicates the object 1s a likely collision
threat.

In some examples, the safety system actuator 224 may be
configured to actuate one or more portions of a safety system
of the vehicle 102 when a collision i1s predicted. For
example, the safety system actuator 224 may activate one or
more safety systems of the vehicle 102, such as, for
example, one or more of the interior safety systems, one or
more of the exterior safety systems, and one or more of the
components of the drive system 232 (e.g., the steering
system, the propulsion system, and/or the braking system)
via the vehicle controller 228. In some examples, the vehicle
controller 228 may determine that the interior satety system
will be activated based on some action of an object 1n the
environment 100, and the vehicle control data 230 may
include information configured to cause the vehicle control-
ler 228 to activate one or more functions of the interior
safety system, the exterior safety system, and the drnive
system 232.

As shown 1n FIG. 2, the example vehicle systems 202 also
include a network interface 234 configured to provide a
communication link between the vehicle 102 and the remote
vehicle control system 154. For example, the network inter-
face 234 may be configured to allow data to be exchanged
between the vehicle 102, other devices coupled to the
network 152, such as other computer systems, other vehicles
102 1n the fleet of vehicles, and/or with the remote vehicle
control system 154. For example, the network interface 234
may enable wireless communication between numerous
vehicles and/or the remote vehicle control system 154. In
vartous 1mplementations, the network interface 234 may
support communication via a wireless general data net-
works, such as a Wi-Fi network. For example, the network
interface 234 may support communication via telecommus-
nications networks, such as, for example, cellular commu-
nication networks, satellite networks, and the like. Further,
the vehicle controller 228 may provide, via the network
interface 234, signals corresponding to and/or containing
information indicative of inputs recerved via the preferential
travel input device 148. The vehicle controller 228 may also
provide mformation mdicative of one or more travel paths
(e.g., the prioritized described herein) and/or one or more
additional parameters included 1n a set of parameters via the
preferential travel output device 150. Such mformation may
be generated by the path calculator 214. Additionally or
alternatively, such information may be received, by the
network interface 234, from the remote vehicle control
system 154 and via the network 152. In some examples, the
vehicle controller 228 may additionally, or alternatively,
control a suspension system of the vehicle 102. For example,
in moditying operating parameters of the vehicle 102 based
on a set of modified parameters recerved from the remote
vehicle control system 154, the vehicle controller 228 may
lower a suspension of the vehicle 102, increase a vehicle
speed, stiflen a shock/strut response, and/or otherwise
modily various vehicle component settings. As a result, the
ride experience of a passenger may be altered. For example,
controlling the vehicle 102 based on the received set of
modified parameters may cause a passenger to experience
enhanced accelerations 1n a lateral (e.g., sideways) direction,
an axial direction (e.g., a direction substantially along the
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drive line 146), and/or a vertical direction (e.g., a direction
substantially perpendicular to the road 106).

In various implementations, the parameter values and
other data illustrated herein may be included 1n one or more
data stores, and may be combined with other information not
described or may be partitioned differently into more, fewer,
or different data structures. In some implementations, data
stores may be physically located 1n one memory or may be
distributed among two or more memories.

Those skilled in the art will appreciate that the example
architecture 200 1s merely illustrative and 1s not intended to
limit the scope of the present disclosure. In particular, the
computing system and devices may include any combination
of hardware or solftware that can perform the indicated
functions, including computers, network devices, internet
appliances, tablet computers, PDAs, wireless phones, pag-
ers, etc. The architecture 200 may also be connected to other
devices that are not illustrated, or mnstead may operate as a
stand-alone system. In addition, the functionality provided
by the illustrated components may 1n some 1implementations
be combined 1n fewer components or distributed 1n addi-
tional components. Similarly, 1n some implementations, the
functionality of some of the illustrated components may not
be provided and/or other additional functionality may be
available.

Those skilled i the art will also appreciate that, while
various items are illustrated as being stored 1n memory or
storage while being used, these i1tems or portions of them
may be transferred between memory and other storage
devices for purposes of memory management and data
integrity. Alternatively, 1n other implementations, some or
all of the software components may execute in memory on
another device and communicate with the illustrated archi-
tecture 200. Some or all of the system components or data
structures may also be stored (e.g., as instructions or struc-
tured data) on a non-transitory, computer-accessible medium
or a portable article to be read by an appropnate drive,
various examples of which are described above. In some
implementations, instructions stored on a computer-acces-
sible medium separate from the architecture 200 may be
transmitted to the architecture 200 via transmission media or
signals such as electrical, electromagnetic, or digital signals,
conveyed via a communication medium such as a wireless
link. Various implementations may further include receiv-
ing, sending, or storing instructions and/or data implemented
in accordance with the foregoing description on a computer-
accessible medium. Accordingly, the techniques described
herein may be practiced with other control system configu-
rations.

FIG. 3 shows an example architecture 300 including a
vehicle fleet 302 and an example remote vehicle control
system 154. The example vehicle fleet 302 includes a
plurality of vehicles 102, at least some which are commu-
nicatively coupled to the remote vehicle control system 154,
for example, via the respective network interfaces 234 of the
vehicles 102, and a receiver 304 and a transmitter 306
associated with the remote vehicle control system 154. For
example, a vehicle 102 may send communication signals via
the network interface 234, which are received by the
receiver 304. In some examples, the communication signals
may include, for example, sensor data from sensor signals
generated by one or more sensors associated with the vehicle
102, and/or road network data from a road network data
store. In some examples, the sensor data may include raw
sensor data or processed sensor data, and the road network
data may include data related to a global or local map of an
area associated with operation of the vehicle 102. In any of
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the examples described herein, such road network data may
also 1nclude one or more of lane widths, speed limits, or a
road map. Such lane widths, speed limits, and road maps
may correspond to the one or more roads 106 of the road
network 104 described herein. In some examples, the com-
munication signals may include data associated with the
current status of the vehicle 102 and 1ts systems, such as, for
example, 1ts current position, current speed, current path,
current occupancy, the level of charge of one or more of 1ts
batteries, and/or the operational status of its sensors and
drive systems. In some examples, the communication sig-
nals from the vehicle 102 may include a request for infor-
mation from the remote vehicle control system 154. Such
information, may include, for example, assistance with
operation of the vehicle 102 in the form of, for example,
information about objects, the road network 104, the road
106, the global map, the local map, collaboration with
respect to vehicle operations and maneuvers, and/or confir-
mation of information and/or actions proposed by the
vehicle 102. In some examples, the communication signals
from the vehicle 102 may include a request for preferential
travel associated with the vehicle 102 and a particular
destination 124 accessible via the road network 104. A
passenger of the vehicle 102 may enter such a request via the
preferential travel input device 148, and such a request may
include at least an address, coordinates, and/or other infor-
mation indicating the location of the destination 124.

As shown in FIG. 3, the receiver 304 may be communi-
catively coupled to the computing device 160, and 1n some
examples, the operator 158 may be able access the sensor
data, the road network data, and/or any other data in the
communication signals received from a vehicle 102 using
the computing device 160. In some examples, the operator
158 may be able to selectively access the sensor data, road
network data, and/or other data via the input device 164 and
view the selected data via one or more of the displays 162
(see F1G. 1). In some examples, such road network data may
be stored 1n the object type data store 226 and/or 1n a road
network data store operably connected to the vehicle con-
troller 228. Such a road network data store may comprise a
component of the vehicle system 202. In other examples, the
road network data store may comprise a component of the
remote vehicle control system 154 and may be operably
connected to the computing device 160. In still further
examples, a first portion of the road network data store may
comprise a component of the remote vehicle control system
154, and a second portion of the road network data store may
comprise a component of the vehicle system 202.

In the example shown, the remote vehicle control system
154 also includes a network module 308 configured to
provide communication between two or more of the com-
puting device 160 and the respective operators 138, and/or
communication with vehicle control data 310. For example,
the remote vehicle control system 154 may include a plu-
rality of computing devices 160 and respective operators
158, and the operators 158 may communicate with one
another via the network module 308 to facilitate and/or
coordinate the various sets of parameters, path information,
and/or other guidance provided to the vehicles 102 of the
vehicle fleet 302. In some examples, there may be an
operator 158 assigned to each of the vehicles 102, and 1n
some examples, an operator 1538 may be assigned to more
than a single vehicle 102 of the vehicle fleet 302. In some
examples, operators 158 may not be assigned to specific
vehicles 102 of the vehicle fleet 302, but may instead
provide sets of parameters, drive lines, trajectories, path
information, and/or other guidance to vehicles 102 based on,
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for example, a level of urgency and/or a level of priority
associated with the respective vehicles 102. In some
examples, the various sets of parameters, path information,
and/or other guidance provided to the vehicles 102 of the
vehicle fleet 302 by an operator 158 may be stored by the
remote vehicle control system 154, for example, in storage
for the vehicle control data 310, and/or accessed by other
operators 158. Further, 1t 1s understood that in some
examples, the remote vehicle control system 154 may be
tully automated. In such examples, the operators 158
described herein may be omitted. Additionally, in other
examples, any of the methods and/or functions described
herein may be performed by one or more of the local vehicle
controllers 228. In such examples, the remote vehicle con-
trol system 154 may be omitted.

In some examples, the vehicle control data 310 may be
accessible by the operators 138, for example, via the com-
puting device 160, for use 1n generating one or more sets of
modified parameters, drive lines, trajectories, drive enve-
lopes, path information, and/or other guidance to the
vehicles 102. For example, the vehicle control data 310 may
include global and/or local map data related to the road
network 104, events associated with the road network 104,
and/or travel conditions associated with the road network
104 due to, for example, traflic volume, weather conditions,
construction zones, and/or special events. In some examples,
the vehicle control data 310 may include data associated
with one more of the vehicles 102 of the vehicle fleet 302,
such as, for example, maintenance and service information,
and/or operational history including, for example, event
history associated with the vehicle 102, path histories, one or
more sets of parameters govermng operation of the vehicle
102, previously visited destinations 124, occupancy histo-
ries, and other types of data associated with the vehicle 102.
In any of the examples described herein, and as noted above,
one or more of the vehicles 102 may travel within a
respective drive envelope 138 1n accordance with a set of
nominal operating parameters during normal operation. The
one or more sets of modified operating parameters described
herein may include, for example, an alteration (e.g., a
relaxation or reduction) of at least one of the nominal
operating parameters governing the current/normal opera-
tion of the vehicle 102. In another example, such a set of
modified parameters may include at least one additional
operating parameter not included in the nominal operating
parameters. In a further example, such a set of modified
parameters may omit one or more of the nominal operating,
parameters. In any such examples, upon receiving the set of
modified parameters from the remote vehicle control system
154, the vehicle controller 228 may control operation of the
vehicle 102 based at least 1n part on the set of modified
operating parameters.

FIGS. 4a-7b 1llustrate example schematic overhead views
of an example road network 104 including example vehicles
102a-102¢ (vehicles 102a-102f are shown 1n

FIGS. 6a and 6b, and collectively, the vehicles shown 1n
FIGS. 4a-7b may be referred to herein as “vehicles 102). In
FIGS. 4a-75, the vehicles 102 are shown en route between
respective first geographic locations and respective destina-
tions at second geographic areas. For example, FIG. 4a
illustrates a first vehicle 102q traveling, in the first direction
132, 1n the first lane 110a of the road 106 toward a particular
destination 124. One or more of the additional vehicles
10256, 102¢ may also be traveling en route to the destination
124, or alternatively, one or more of the vehicles 1025, 102¢
may be traveling to a different respective destination (not
shown). In such examples, one or more of the vehicles 102
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may travel within respective drive envelopes between
respective first geographic locations 120 and respective
destinations 124. It 1s understood that such drive envelopes
may each present unique drniving circumstances for the
respective vehicles 102. For example, such drive envelopes
may cause the respective vehicles to pass through or proxi-
mate an accident zone, a lane closure, merging traflic, a
school zone, a crosswalk, a police oflicer directing traflic, a
construction zone, or other areas requiring modifications to
the speed, and/or other operations of the vehicles 102.
Additionally, 1n some situations, one or more of the vehicles
102 may receive an input from one or more passengers of the
vehicle 102 indicative of a request for preferential travel. In
any of the above situations, the methods, systems, and/or
other aspects of the present disclosure may be used to
determine one or more sets ol modified parameters govern-
ing operation of the respective vehicles 102 once preferen-
tial travel has been requested. An example set of modified
parameters may be different from the set of nominal oper-
ating parameters currently governing operation of the
vehicle 102, and may cause and/or require a requesting
vehicle 102 to travel along a prioritized path to the desti-
nation 124 without being slowed or otherwise hindered by
the remaining vehicles 102 1n the road network 104. In
particular, example command signals including respective
sets of modified parameters may be provided to the vehicles
102. Upon receiving such sets of modified parameters, the
vehicle controllers 228 of the respective vehicles 102 may
cause and/or require the vehicles 102 to travel within
respective drive envelopes such that the requesting vehicle
102 1s provided with a free lane (e.g., the first lane 110qa) or
other portion of the road network 104 in order to reach the
destination 124 expeditiously. In such examples, the vehicle
controller 228 of each of the respective vehicles 102 may
consume respective sets of modified parameters and/or other
information mcluded 1n such command signals, and the path
calculator 214 of each of the respective vehicles may
determine one or more trajectories, a drive line including
cach of the one or more trajectories, drive envelope includ-
ing the drive line, and/or other items based at least partly on
such command signals and/or sets of parameters. In some
examples, such commands to the vehicle controller 228 may
additionally, or alternatively, comprise an increase in speed
with an accompanying change in vehicle suspension to
provide passengers with a racecar-like experience. In some
examples, such a request may be made by a first responder
(e.g. ambulance, fire truck, police, etc.) to create a free lane
for optimizing travel time of the first responders.

FIG. 4a 1llustrates an example embodiment in which the
vehicle 102q 1s traveling along the road 106, 1n the first
direction 132, toward a particular destination 124. In such
examples, a passenger of the vehicle 1024 may provide an
input via the preferential travel input device 148 of the
vehicle 102a. For example, the passenger may provide such
an mput by actuating, pressing, moving, touching, and/or
otherwise contacting the preferential travel input device 148.
Additionally or alternatively, the passenger may provide an
input by speaking, waiving, making one or more hand
gestures, and/or through other non-contact methods. Any
such inputs may be indicative of a request for preferential
travel between a current location of the vehicle 102q and the
destination 124. As noted above, such a request may com-
prise a request for a prioritized path 1n which none of the
additional vehicles 1n the road network are disposed within
or along a drive envelop and/or trajectory of the requesting
vehicle 102 as the requesting vehicle 102 travels to the
particular destination 124. In such examples, the vehicle
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102a may be controlled to travel along a trajectory for a
finite period of time or for a finite distance. For example,
such a drive envelope and/or trajectory may comprise a
drive segment, line, and/or route along which the requesting
vehicle 102aq may be controlled to travel for approximately
10 seconds. Alternatively, such a drive envelope and/or
trajectory may comprise a drive segment, line, and/or route
along which the requesting vehicle 102a may be controlled
to travel for the next 500 feet. It 1s understood that the finite
period of time and finite distance noted above are merely
examples and, 1n further embodiments, such finite periods of
time and finite distances may be greater than or less than
those noted above. For instance, in examples in which the
requesting vehicle 102a 1s traveling at a relatively high rate
ol speed, the finite period of time may be decreased and/or
the finite distance may be commensurately increased to
account for such speeds. Likewise, 1n examples in which the
requesting vehicle 102a 1s traveling at a relatively low rate
of speed, the finite period of time may be increased and/or
the finite distance may be commensurately decreased. In
such examples, it may be permissible for such additional
vehicles 1025, 102¢ to be traveling 1n one or more lanes 110
(e.g., the first lane 110a) adjacent to the second lane 1105 1n
which the requesting vehicle 1024 1s traveling, as such
locations would be outside of the trajectory of the requesting
vehicle 102a.

The vehicle controller 228 in communication with the
preferential travel imput device 148 may generate a signal
indicative of the request for preferential travel, and the
vehicle controller 228 may prowde the signal to the remote
vehicle control system 154, via the network 152. The remote
vehicle control system 154 may determine respective sets of
modified parameters for the one or more vehicles 102 1n the
road network 104 based at least partly on the request. In
some examples, the sets of modified parameters may include
respective drive envelopes, trajectories, drive lines, drive
envelopes and/or parameters governing travel of the respec-
tive vehicles 102 1n the road network 104. Alternatively, the
sets of parameters may provide mformation and or instruc-
tions which, when consumed by a vehicle controller 228
may cause the path calculator 214 to generate and/or oth-
erwise determine one or more trajectories, a drive line, a
drive envelope, and/or other parameters governing travel of
the corresponding vehicle. The remote vehicle control sys-
tem 154 may also provide corresponding command signals
to the respective vehicles 102, and the command signals may
cach include one or more of the respective sets of parameters
described herein. In some examples, a set of parameters
included 1 a command signal received by the requesting
vehicle 1024 may cause the vehicle 102a to move from the
first lane 110a to the second lane 1105 1n the direction of
arrow 400. In such examples, as will be described below,
one or more drive envelopes defining a prioritized path to the
destination 124 may be at least partly defined by and/or may
pass substantially along the second lane 11056. Additionally,
the set of parameters included in the command signal
received by the requesting vehicle 102¢ may cause the
vehicle 102a to accelerate and/or decelerate 1n order to move
in the direction of arrow 400 and/or to travel along such
drive line. Such sets of parameters may also cause modifi-
cation of a suspension setting, speed threshold, engine
setting, turbo setting, brake setting, and/or other operating
parameter of a respective vehicle 102. As a non-limiting,
example, the suspension may be lowered during the initial
acceleration 1nto the prioritized trajectory and/or along the
drive line defined by arrow 400 such that the passenger
requesting the prioritization experiences modified vehicle
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settings that correspond to the prioritization request and/or
to preference of the passenger.

FIG. 4b 1illustrates the example of FIG. 4a after the
vehicles 102a, 1025, 102¢ have been caused to operate in
accordance with the command signals described above. For
example, upon receiving a first command signal from the
remote vehicle control system 154 including a first set of
parameters, the first vehicle 1024 may be caused to travel
along a prioritized path 402 (e.g., a first path 402 extending
from the vehicle 102a to the destination 124). The first path
402 may comprise the drive line 146 and/or a first drive
envelope 138 that includes the drive line 146, 1.¢. an 1deal
line for the vehicle 102 to follow. For example, the first path
402 may comprise a series ol consecutive prioritized trajec-
tories, and together, such trajectories may define the drive
line 146 within the drive envelope 138. In such examples,
the vehicle 102aq may travel along the drive line 146, and the
drive line 146 may extend approximately centrally through
the drive envelope 138 and/or the first path 402. Addition-
ally, upon receiving respective second and third command
signals from the remote vehicle control system 154 includ-
ing respective second and third sets of parameters, the
second vehicle 1026 and the third vehicle 1026 may be
caused to travel along respective drive lines maintaining the
vehicles 1025, 102¢ outside of the drive envelopes and/or
one or more trajectories defining the drive line 146 of the
requesting vehicle 102a as the requesting vehicle 102a
travels to the particular destination 124 along the priorntized
path 402. In particular, upon receiving a second command
signal from the remote vehicle control system 154, the
second vehicle 1025 may be caused to travel within a second
drive envelope 406 defined by and/or including a corre-
sponding third drive line (not shown), and upon receiving a
third command signal from the remote vehicle control
system 1354, the third vehicle 102¢ may be caused to travel
within a third drive envelope 408 defined by and/or 1nclud-
ing a corresponding third drive line (not shown). Based on
the sets of modified parameters included 1n such second and
third control signals, the respective vehicle controllers 228
of the second and third vehicles 1025, 102¢ may maintain
the second and third vehicles 1025, 102¢ outside of the drive
envelope(s) and/or one or more trajectories defining the
drive line 146 of the requesting vehicle 102a as the request-
ing vehicle 102a travels to the particular destination 124
along the prioritized path 402. The sets of parameters
included 1n the command signals received by the second and
third vehicles 10256, 102¢ may also cause at least one of the
second and third vehicles 1025, 102¢ to accelerate and/or
decelerate 1in order to travel within the second and third drive
envelopes 406, 408, respectively.

Additionally, 1n such examples the first set of parameters
may be at least partly less restrictive than the second and
third sets of parameters, thereby providing the first vehicle
102a with expanded road network usage privileges relative
to the remaining vehicles 102 in the road network 104. For
instance, in any of the examples described herein, the sets of
parameters may include a speed threshold below which a
respective one of the vehicles 102 may be permitted and, 1n
some situations, required to operate, a drive line 146 along
which the one of the vehicles 102 may be permitted and, in
some situations, required to travel, a drive envelope 138
and/or path along which or within which the one of the
vehicles 102 may be permitted and, in some situations,
required to travel, traflic rules (e.g., rules governing vehicle
operation with regard to stop signs, traflic lights, no passing
zones, school zones, or other areas) with which the one of
the vehicles 102 must abide, engine, turbo, brake, suspen-
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sion, and/or other vehicle component settings, and/or other
rules or limitations for operating the one of the vehicles 102.
In such examples, the thresholds, drive envelopes, traflic
rules, vehicle component settings, and/or other rules or
limitations included in the first set of parameters may be at
least partly less restrictive than the corresponding rules or
limitations included in the additional sets of parameters
determined by the remote vehicle control system 154.

Although FIGS. 4a and 45 1llustrate an example embodi-
ment i which the requesting vehicle 102aq may be caused to
move from a first lane 110qa to a second lane 1105, 1n other
examples various command signals provided by the remote
vehicle control system 154 may include respective sets of
modified parameters that cause vehicles 102 other than the
requesting vehicle 102a to change lanes. For example,
FIGS. 5a and 55 1llustrate an example embodiment in which
the requesting vehicle 102a may be controlled to remain in
the first lane 110q (e.g., the lane in which the requesting
vehicle 102a 1s currently traveling) and in which one or
more of the additional vehicles 102 traveling along the road
106 may be caused to move from the lane 1n which the
requesting vehicle 102a 1s currently traveling (e.g., the first
lane 110a) to the second lane 1106 and/or any other lane
different from the lane 1n which the requesting vehicle 102a
1s currently traveling. In such examples, and as illustrated 1n
FIG. Sa, the vehicle 102a may be traveling in the first
direction 132 toward a particular destination 124. During
such travel, a passenger of the vehicle 102 may provide an
input via the preferential travel mput device 148 of the
vehicle 1024, and the input may be indicative of a request for
prioritized travel between a current location of the vehicle
102a and the destination 124.

The vehicle controller 228 in commumnication with the
preferential travel input device 148 of the requesting vehicle
102a may generate a signal indicative of the request for
preferential travel, and the vehicle controller 228 may pro-
vide the signal to the remote vehicle control system 154, via
the network 152. The remote vehicle control system 1354
may determine respective sets of modified parameters for
the one or more vehicles 102 1n the road network 104 based
at least partly on the request. In some examples, the sets of
modified parameters may include respective trajectories,
drive lines, drive envelopes, and/or other parameters gov-
erning travel of the respective vehicles 102 1n the road
network 104. Alternatively, the sets of parameters may
provide information and/or instructions which, when con-
sumed by a vehicle controller 228 may cause the path
calculator 214 to generate and/or otherwise determine one or
more trajectories, a drive line, a drive envelope, and/or other
parameters governing travel of the corresponding vehicle.
Such respective sets of parameters may also include any of
the additional settings, thresholds, rules, limitations, or other
parameters described herein. The remote vehicle control
system 154 may also provide corresponding command sig-
nals to the respective vehicles 102, and the command signals
may each include one or more of the respective sets of
parameters described herein.

In the embodiment 1illustrated by FIG. 5a, a command
signal received by the requesting vehicle 102a and including
a first set of parameters may cause the vehicle 102a to
remain 1n 1ts current lane (1.e., first lane 110q). In such
examples, a prioritized path extending from the requesting
vehicle 102a to the destination 124 may be at least partly
defined by and/or may pass substantially along the first lane
110a. Additionally, the command signals received by the
remaining vehicles 1025, 102¢ in the road network 104 and
including respective second and third sets of parameters,
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may cause one or more of the vehicles 1025, 102¢ to move
in the direction of arrow 500 from the first lane 110qa to the
second lane 1106 and/or any other lane different from the
first lane 110q. In any such examples, one or more sets of
parameters mcluded 1n the command signals may cause a
respective vehicle 102 to accelerate and/or decelerate in
order to change from the first lane 110qa to the second lane
1105, and/or to travel along a respective trajectory. Such sets
ol parameters may also cause modification of a suspension
setting, speed threshold, engine setting, turbo setting, brake
setting, and/or other operating parameter ol a respective
vehicle 102, as described herein.

FIG. 5b illustrates the embodiment of FIG. Sa after the
vehicles 102a, 1025, 102¢ have been caused to operate in
accordance with the command signals described above. For
example, upon receiving a first command signal from the
remote vehicle control system 154 including a first set of
parameters, the first vehicle 1024 may be caused to travel
along a prioritized path 502 (e.g., a first path 502 extending
from the vehicle 102a to the destination 124). The first path
502 may comprise the drive line 146 and/or a first drive
envelope 138 that includes and/or 1s defined by the drive line
146. In such examples, the vehicle 102a may travel along the
drive line 146, and the drive line 146 may extend approxi-
mately centrally through the drive envelope 138 and/or the
first path 302. As 1illustrated 1n FIG. 3b, the first drive
envelope 138 and the respective drive line 146 may be
substantially longer than those of vehicles 1025, 102¢ (1.e.
506 and 508) despite corresponding to a substantially similar
receding horizon (e.g. 10 seconds). In such an example, the
longer drive envelope 138/drive line 146 of vehicle 102qa
may be indicative of a greater rate of travel (1.e. speed) than
cither vehicle 10256, 102¢. In the example shown 1n FIG. 55,
the command signal received from the remote vehicle con-
trol system 154 may cause the vehicle 1024 to remain 1n the
first lane 110a as the vehicle 102q travels along at least part
of the first path 502.

Additionally, upon recerving respective second and third
command signals from the remote vehicle control system
154 including respective second and third sets of param-
eters, the second vehicle 1025 and the third vehicle 1025
may be caused to travel along respective drive lines main-
taining the vehicles 10256, 102¢ outside of the one or more
drive envelopes and/or trajectories defining the drive line
146 of the requesting vehicle 1024 as the requesting vehicle
102a travels to the destination 124 along the prioritized path
502. In particular, upon receiving a second command signal
from the remote vehicle control system 154, the second
vehicle 10256 may be caused to travel within a second drive
envelope 506 defined by and/or including a corresponding
second drive line (not show), and upon receiving a third
command signal from the remote vehicle control system
154, the third vehicle 102¢ may be caused to travel within
a third drive envelope 508 defined by and/or including a
corresponding third drive line (not show). Based on the sets
of modified parameters included 1n such second and third
control signals, the respective vehicle controllers 228 of the
second and third vehicles 1026, 102¢ may maintain the
second and third vehicles 1024, 102¢ outside of the one or
more drive envelopes and/or trajectories defining the drive
line 146 of the requesting vehicle 102a as the requesting
vehicle 102q travels to the destination 124 along the priori-
tized path 502. The sets of parameters included in the
respective command signals received by the second and
third vehicles 1025, 102¢ may cause at least one of the
second and third vehicles 10254, 102¢ to accelerate and/or
decelerate 1n order to travel within the second and third drive
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envelopes 506, 508, respectively. For example, the set of
parameters included 1n the command signal recerved by the
second vehicle 1025 may cause the vehicle 1026 to accel-
erate 1n order to move in the direction of arrow 500 and/or
to change from the first lane 110a to the second lane 1105.
Additionally or alternatively, the set of parameters included
in the command signal recerved by the third vehicle 102¢
may cause the third vehicle 102¢ to decelerate in order to
permit the second vehicle 1025 to pass 1n front of the third
vehicle 102¢. Additionally, 1n such examples the first set of
parameters may be at least partly less restrictive than the
second and third sets of parameters, thereby providing the
first vehicle 102a with expanded road network usage privi-
leges relative to the remaining vehicles 102 in the road
network 104.

In any of the examples described herein, the sets of
parameters determined and/or provided by the remote
vehicle control system 154 at least partly 1n response to a
request for preferential travel may be determined such that
a mimmum number of vehicles 102 are caused to change
lanes 110 when preferential travel 1s provided to the request-
ing vehicle 1024. Such determinations may be made based
on the relative speeds, destinations, applicable traflic rules,
and/or locations of the plurality of vehicles 102 1n the road
network 104 when the request for preferential travel i1s
received by the remote vehicle control system 1354. For
example, relatively congested traflic patterns proximate the
requesting vehicle 102a may cause the remote vehicle
control system 154 to determine one or more sets of modi-
fied parameters that result 1n the requesting vehicle 1024 and
at least one of the remainming vehicles 102 in the road
network 104 to change lanes. FIGS. 6a and 65 1llustrate such
an example 1n the context of a road 106 having three lanes
110 (e.g., a first lane 110a, a second lane 1105, and a third
lanel 10c¢) separated by respective dividing lines 114a, 1145.

As shown 1n FIG. 6q, a first vehicle 102a may be traveling
in the first direction 132 toward a particular destination 124.
During such travel, a passenger of the vehicle 102a may
provide an input via the preferential travel input device 148
of the vehicle 102a, and the mmput may be indicative of a
request for preferential travel from a current location of the
vehicle 102a to the destination 124. The vehicle controller
228 in communication with the preferential travel input
device 148 of the requesting vehicle 102a may generate a
signal indicative of the request for preferential travel, and
the vehicle controller 228 may provide the signal to the
remote vehicle control system 154, via the network 152. The
remote vehicle control system 154 may determine respective
sets of modified parameters for the one or more vehicles 102
in the road network 104 based at least partly on the request.
The remote vehicle control system 154 may also provide
corresponding command signals to the respective vehicles
102, and the command signals may each include respective
sets of modified parameters as described herein.

In the embodiment illustrated by FIG. 6a, a first set of
modified parameters included 1n a command signal received
by the requesting vehicle 1024 may cause the vehicle 1024
to move, 1n the direction of arrow 600, from 1ts current lane
(¢.g., the third lane 110c¢) to an adjacent lane (e.g., the second
lane 1106). Such movement may be the result of relatively
congested traflic ahead of the vehicle 1024 1n the third lane
110¢ and/or by relatively less congested tratlic ahead of the
vehicle 102a 1 the second lane 1105 and/or any other
adjacent lane. For example, the presence of vehicles 102/,
102¢ ahead of the vehicle 102a 1n the third lane 110¢, as well
as the positions of the vehicles 102/, 102¢ relative to the
vehicle 1025, and the position of vehicle 1026 relative to
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vehicles 102¢, 1024, may cause the remote vehicle control
system 154 to generate a first set of modified parameters.
When such a first set of parameters 1s consumed by the
vehicle controller 228 of the requesting vehicle 102a, the
first set of parameters may cause the path calculator 214 to
generate a prioritized path, extending from the requesting
vehicle 102a to the destination 124, and resulting in the
requesting vehicle 102q¢ moving from the third lane 110c¢ to
the second lane 1105. The remote vehicle control system 1354
may also determine additional sets of parameters for one or
more of the vehicles 102 based at least 1in 1n part on the travel
speeds of the vehicles 102 when the request from the vehicle
102a 1s received. For example, since the requesting vehicle
102a 1s positioned behind vehicles 1027, 102e, movement of
the vehicle 102a 1n the direction of arrow 600, combined
with movement of the vehicle 1025 1n the direction or arrow
602, may result 1n the most expedient development of a lane
(e.g., the second lane 1105) 1n which the requesting vehicle
102a may have a relatively clear path to the destination 124,
particularly 1n situations in which for example, the nominal
operating parameters ol at least one of the vehicles 102e,
102/ cannot be modified. For example, since the vehicle
1025 1s currently the only vehicle 1n the second lane 1105,
and the vehicle 1025 1s relatively behind vehicle 102¢ but
relatively ahead of vehicle 102¢ in the direction 132, the
remote vehicle control system 1354 and/or the path calculator
214 of at least the requesting vehicle 102a may determine
that movement of the vehicle 102a 1n the direction of arrow
600, combined with movement of the vehicle 10254 1n the
direction or arrow 602, may be the most eflicient manner 1n
which to provide a prioritized path for the vehicle 1024 to
the destination 124. In such examples, maximizing eifli-
ciency may result in the fewest number of vehicles 102
changing lanes 110, and may depend on, for example, the
nominal operating parameters of the various vehicles 102
and whether such parameters may be modified. Additionally
or alternatively, maximizing efliciency may result in the
fastest travel path for the requesting vehicle 102a to the
destination 124 (e.g., a prioritized path 1n which the fewest
number of vehicles 102 are required to decelerate, the path
in which the speed of the requesting vehicle 102a may be
maximized, and/or the path in which the travel time for the
requesting vehicle 102a from 1ts current location to the
destination 124 may be minimized). In any such examples,
a set of parameters included 1n one or more of the command
signals may cause a respective one of the vehicles 102 to
accelerate and/or decelerate 1n order to move between lanes
110 and/or to travel along respective drive lines.

FIG. 6b illustrates the embodiment of FIG. 6a after the
vehicles 102a4-102f have been caused to operate 1 accor-
dance with the command signals described above. For
example, upon receiving a first command signal from the
remote vehicle control system 154 including a first set of
parameters, the first vehicle 1024 may be caused to travel
along a prioritized path 604 (e.g., a first path 604 extending
from the vehicle 102q to the destination 124). The first path
604 may comprise the drive line 146 and/or a first drive
envelope 138 that includes the drive line 146. For example,
the first path 604 may comprise a series ol consecutive
prioritized trajectories, and together, such trajectories may
define the drive line 146 within the drive envelope 138. In
such examples, the requesting vehicle 1024 may travel along
the drive line 146, and the drive line 146 may extend
approximately centrally through the drive envelope 138
and/or the first path 604. In the example shown 1n FIG. 65,
the set of parameters included in the command signal
received from the remote vehicle control system 154 may
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cause the vehicle 102a to move from the third lane 110c¢ to
the second lane 1105. In such examples, additional sets of
parameters included 1n respective command signals recerved
by the remaining vehicles 102 in the road network 104 may
cause the remaining vehicles 102 to travel along respective
drive lines maintaining the remaining vehicles 102 outside
of the one or more drive envelopes and/or trajectories
defining the drive line 146 as the requesting vehicle 102a
travels to the particular destination 124 along the prioritized
path 604.

For example, upon receiving a command signal from the
remote vehicle control system 154 including a second set of
parameters, the second vehicle 10256 may be caused to travel
within a second drnive envelope 608 defined by and/or
including a corresponding second drive line (not shown). In
the example shown 1n FIG. 65, the second set of parameters
included 1n the command signal recerved from the remote
vehicle control system 154 may cause the vehicle 1025 to
move from the second lane 11056 to the first lane 110a.
Further, additional sets of parameters included in respective
command signals from the remote vehicle control system
154 may cause the remaining vehicles 102 to travel within
respective drive envelopes maintaining the remaining
vehicles 102 outside of the one or more drive envelopes
and/or trajectories defining the drive line 146 as the request-
ing vehicle 102a travels to the particular destination 124
along the priontized path 604. In particular, upon receiving
a third command signal from the remote vehicle control
system 134 including a third set of parameters, the third
vehicle 102¢ may be caused to travel within a third drive
envelope 610 defined by and/or including a corresponding
third drive line (not shown). The sets of parameters included
in respective command signals received by the additional
vehicles 102 1n the road network 104 may also be consumed
by the vehicle controllers 228 of such vehicles 102, and may
maintain such remaiming vehicles 102 outside of the one or
more trajectories defimng the drive line 146 as the request-
ing vehicle 102a travels to the particular destination 124
along the prioritized path 604. The sets of parameters
included 1n the respective command signals received by the
remaining vehicles 102 may also cause at least one of the
remaining vehicles 102 to accelerate and/or decelerate in
order to travel within the respective drive envelopes
described herein. For example, the set of parameters
included in the command signal received by the second
vehicle 10256 may cause the second vehicle 10256 to accel-
erate 1n order to move 1n the direction of arrow 602 and/or
to change from the second lane 11056 to the first lane 110a.
Additionally or alternatively, the set of parameters included
in the command signal recerved by the third vehicle 102¢
may cause the third vehicle 102¢ to decelerate in order to
permit the second vehicle 1025 to pass 1n front of the third
vehicle 102¢. In such examples, the first set of parameters
may be at least partially less restrictive than the second and
third sets of parameters, thereby providing expanded road
network usage privileges to the requesting vehicle 102a.

Although FIGS. 4a-65 illustrate example embodiments 1n
which typical traflic rules (e.g., rules governing vehicle
operation with regard to stop signs, traflic lights, no passing
zones, school zones, construction zones, lane designations,
speed limits, etc.) are substantially obeyed by the vehicles
102 in the road network 104 once a request for preferential
travel 1s received. In additional embodiments, on the other
hand, providing a requesting vehicle 102a with preferential
travel may include permitting the requesting vehicle 102q to
at least temporarily break one or more tratlic rules 1n order
to travel along a prioritized path to the particular destination
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124. For example, FIGS. 7a and 75 illustrate an embodiment
in which the requesting vehicle 102a may be controlled to
travel along a prioritized path that 1s at least partly defined
by a drive envelope having an enlarged drive envelope width
relative to drnive envelope widths corresponding to the
remaining vehicles 102 1 the road network. In such
examples, the drive envelope of the requesting vehicle 102qa
may also straddle at least two lanes 110a, 1105 of the road
106. Further, in traveling to the destination 124, the request-
ing vehicle 102a may be permitted to exceed an applicable
speed limit associated with the road 106, may be permitted
to 1gnore double yellow lines, may be permitted to travel
abnormally close to an adjacent vehicle (e.g., travel at a
distance of one foot or less from an adjacent vehicle), and/or
may be configured to modity (e.g., enhance) vision, percep-
tion, or other systems of the vehicle 102.

As 1llustrated 1n FIG. 7a, the first vehicle 1024 may be
traveling in the first direction 132 toward a particular
destination 124. The first vehicle 102a may be traveling, for
example, along a first path 702 extending from the first
vehicle 102a to the destination. In such examples, the first
path 702 may be at least partly defined by a first drive
envelope 138aq having a first drive envelope width 142aq.
Additionally, the road network 104 may include a second
vehicle 1025 traveling along a second path 704 that 1s at
least partly defined by a second drive envelope 1385 having
a second drive envelope width 1425. The road network 104
may further include a third vehicle 102¢ traveling along a
third path 706 that 1s at least partly defined by a third drive
envelope 138¢ having a third drive envelope width 142¢. In
the example embodiment of FIG. 7a, the first, second, and
third drive envelope widths 142a, 1425, 142¢ may be
substantially equal. Additionally, at least one of the first,
second, and third drive envelope widths 142a, 1425, 142¢
may be less than or equal to a width of a corresponding lane
110a, 1105 within which the respective drive envelope 1384,
13856, 138¢ 1s disposed. In such examples, the first drnive
envelope 138a, the second drive envelope 138H, and the
third drive envelope 138¢ may each be disposed within
cither the first lane 110a or the second lane 1105.

In such examples, a passenger of the first vehicle 102a
may provide an input via the preferential travel input device
148 of the first vehicle 1024, and the input may be indicative
ol a request for preferential travel between a current location
of the first vehicle 102a and the destination 124. The vehicle
controller 228 1n commumnication with the preferential travel
input device 148 of the first vehicle 1024 may generate a
signal indicative of the request for preferential travel, and
the vehicle controller 228 may provide the signal to the
remote vehicle control system 154 via the network 152. The
remote vehicle control system 154 may determine respective
sets of modified parameters for the one or more vehicles 102
in the road network 104 based at least partly on the request.
The remote vehicle control system 154 may also provide
corresponding command signals to the respective vehicles
102, and the command signals may each include one or more
of the respective sets of modified parameters described
herein.

In the embodiment illustrated by FIG. 7b, a command
signal received by the requesting vehicle 102a and including
a first set of modified parameters may cause the requesting
vehicle 102q to travel along a prioritized path 708 extending
from the vehicle 1024 to the destination 124. In such
examples, the prioritized path 708 may include a respective
drive line comprising one or more consecutive prioritized
trajectories (not shown), and may be defined, at least 1n part,
by a fourth drive envelope 1384 having a fourth drive




US 11,657,714 B2

27

envelope width 1424 greater than the first drive envelope
width 142a. As shown in FIG. 7b, the fourth drive envelope
1384 and/or the prioritized path 708 may span at least part
of both the first lane 110a and the second lane 11056. The
requesting vehicle 102a¢ may be permitted to travel within
such a widened priornitized path 708 and/or fourth drive
envelope 1384 despite applicable tratlic rules requiring
vehicles 102 to travel 1 a single lane 110aq, 1106 unless
passing another vehicle 102.

In such examples, the command signal received by the
requesting vehicle 102q and including such a first set of
parameters may also cause the requesting vehicle 102q to
travel at a speed less than or equal to an increased speed
threshold. In such examples, the increased speed threshold
may be included 1n the command signal and may, 1n some
instances, be greater than the speed limit associated with the
road 106. In such examples, the command signal recerved by
the requesting vehicle 1024 and including such a first set of
parameters may further include a modified suspension set-
ting, engine setting, brake pressure setting, turbo setting,
and/or other operational parameter. Such modified settings
may cause the requesting vehicle 102a to operate based at
least 1n part on settings and/or operating preferences corre-
sponding to the request and/or corresponding to the personal
preferences of one or more passengers of the requesting
vehicle 102a.

Additionally, the command signals received by the
remaining vehicles 1025, 102¢ 1n the road network 104 and
including respective second and third sets of parameters,
may cause one or more of the vehicles 1025, 102¢ to move
closer to the lane boundary lines 116a, 1165 and/or shoul-
ders corresponding to the lanes 110a, 1106 within which the
vehicles 1025, 102¢ are traveling. The command signals
received by the remaiming vehicles 1025, 102¢ in the road
network 104 and including respective second and third sets
ol parameters, may also cause one or more of the vehicles
1025, 102¢ to travel within respective drive envelopes
having reduced width. For example, a second set of param-
eters mncluded in the command signal received by the second
vehicle 1026 may cause the second vehicle 10256 to travel in
a fifth path 710 that 1s defined, at least 1n part, by a fifth drive
envelope 138¢ having a fifth drive envelope width 142e less
than the second drive envelope width 1425. Additionally, a
third set of parameters included in the command signal
received by the third vehicle 102¢ may cause the third
vehicle 102¢ to travel 1n a sixth path 712 that 1s defined, at
least 1n part, by a sixth drive envelope 138/ having a sixth
drive envelope width 142/ less than the third drive envelope
width 142¢. As shown 1n FIG. 75, the fifth and sixth drive
envelopes 138e, 138/ may span only a portion of the
respective lane 110a, 1105 within which the second and third
vehicles 102b, 102¢ are traveling. Further, the fifth and sixth
drive envelope widths 142¢, 142 may be less than the fourth
drive envelope width 142d4. In this way, the requesting
vehicle 102¢ may be granted enhanced road network usage
privileges at least partly in response to a request for prei-
erential travel.

In some examples, the vehicles 102 1llustrated in FIGS.
da-7b may be driverless non-emergency passenger vehicles.
In other examples, on the other hand, at least the requesting
vehicle 1024 illustrated in FIGS. 4a-7b may comprise emer-
gency response vehicles (e.g., ambulances, fire trucks,
police cars, military vehicles, etc.), whether driverless or
not. In any such example described herein, additional com-
mand signals may be sent to one or more traflic lights or
other traflic control devices along the prioritized path. For
example, such additional command signals may change all
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traflic lights to “green” along the prioritized path such that
the requesting vehicle 102a may not have to stop at “red”
traflic lights 1n emergency situations. Such situations may
include, for example, situations in which a health emergency
(e.g., a stroke, a heart attack, etc.) occurs within the request-
ing vehicle 102q. In still further examples, any of the
systems or methods described herein may also be employed
by standard (e.g., non-driverless) vehicles. For example, a
standard ambulance, fire truck, police car, or other non-
driverless emergency vehicle, or a control system associated
therewith, may provide a signal to one or more of the
vehicles 102 that an emergency situation has occurred. In
response, one or more of the vehicles 102 may be controlled
to clear a path (e.g., a prioritized path) for one or more
non-driverless emergency vehicles. In any of the examples
described herein, one or more of the vehicles 102 may
mimic an ambulance, fire truck, police car, or other emer-
gency response vehicle in one or more ways. For example,
upon recerving a command signal from the remote vehicle
control system 154, the vehicle controller 228 of the request-
ing vehicle 102 may cause one or more lights, sirens, horns,
and/or other output components of the vehicle 102 to
activate. In such examples, one or more lights, light bars, or
other visual output devices of the vehicle 102 may be caused
to tlash as the vehicle 102 1s controlled to traverse a
prioritized path in the road network 104. Additionally or
alternatively, 1n such examples, one or more horns, sirens,
speakers, or other audio output devices of the vehicle 102
may be caused to emit an audible tone as the vehicle 102 1s
controlled to traverse a priornitized path. In this way, such
output may cause and/or enable other vehicles 102 1n the
road network 104 to move from or exit the drive envelope
of the requesting vehicle 102 emitting such output without
the other vehicles receiving a command signal causing such
movement.

As noted above, 1n any of the examples described herein
the sets of parameters included in the various command
signals provided by the remote vehicle control system 154
may include instructions that cause the vehicle controllers
228 of the respective vehicles 102 to modily one or more
performance parameters of the respective vehicles 102 (e.g.,
speed, acceleration, suspension settings, brake pressure set-
tings, braking rates, engine settings, turbo settings, steering
input rates, etc.) and/or operation parameters of the respec-
tive vehicles 102 (e.g., safety-related guidelines for control-
ling the vehicle). Additionally, although not specifically
illustrated in FIGS. 4a-75, one or more conditions or events
associated with the road network 104 may modity the travel
paths, trajectories, drive lines, drive envelopes, and/or other
parameters described herein. Such conditions or events may
include accidents, school, and construction zones, flood
zones, parade zones, special event zones, and/or zones
associated with slow traflic, such as areas where vehicles are
being driven into bright sunlight or arecas where weather
conditions such as rain or snow are aflecting traflic rates.

FIG. 8 1s a flow diagram of an example process 1llustrated
as a collection of blocks 1n a logical tlow graph. The various
blocks shown 1n FIG. 8 represent a sequence ol operations
that can be implemented in hardware, software, or a com-
bination thereof. In the context of software, the blocks
represent computer-executable istructions stored on one or
more computer-readable storage media that, when executed
by one or more processors, perform the recited operations.
Generally, computer-executable instructions include rou-
tines, programs, objects, components, data structures, and
the like that perform particular functions or implement
particular abstract data types. The order in which the opera-
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tions are described 1s not intended to be construed as a
limitation, and any number of the described blocks can be
combined 1n any order and/or 1n parallel to implement the
Processes.

In particular, FIG. 8 1s a flow diagram of an example
method 800 for operating one or more vehicles (e.g., one or
more driverless vehicles). At 802, the example method 800
may 1nclude receiving, at the computing device 160 and/or
other components of the remote vehicle control system 154,
sensor signals including sensor data 206 from one or more
sensors 204 associated with a plurality of vehicles 102 (e.g.,
a plurality of driverless vehicles). In some examples, the
sensor data 206 may be related to operation of the respective
vehicles 102 to which the sensors 204 are connected. For
example, the sensor data 206 may include sensor signals
associated with the environment 100 through which the
vehicles 102 are traveling. In some examples, the sensor
data 206 may include sensor signals indicative of a respec-
tive location, speed, and/or other operational parameter of
cach vehicle 102 traversing the road network 104. It is
understood that each vehicle 102 may have one or more
sensors 204 connected thereto, and 1n such examples, the
sensor signals received at 802 may comprise respective
signals generated by the sensors 204 connected to the
various individual vehicles 102 1n the road network 104.
Further, each vehicle 102 of the plurality of vehicles may
have a number, alpha-numeric code, and/or other 1dentifier
assigned thereto and uniquely 1dentitying the vehicle 102. In
such examples, the sensor signals received at 802 may also
include the umque identifier corresponding to the vehicle
102 to which the one or more sensors 204 generating the
signal 1s/are connected.

At 804, the example method 800 may include recerving,
at the computing device 160 and/or other components of the
remote vehicle control system 154, a request from one or
more of the vehicles 102, and such a request may comprise
a request for preferential travel from a current location of the
requesting vehicle 102 to a particular destination 124. For
example, while traversing the road 106, a passenger of a first
vehicle 102a may provide an input via the preferential travel
input device 148 of the vehicle 102a. For example, the
passenger may provide such an input by actuating, pressing,
moving, touching, and/or otherwise contacting the prefer-
ential travel mput device 148. Additionally or alternatively,
the passenger may provide an input by speaking, waiving,
making one or more hand gestures, and/or through other
non-contact methods. Any such mputs may be indicative of
a request for preferential travel within the road network 104
between the current location of the requesting vehicle 1024
and the destination 124, and the request may be generated by
the preferential travel input device 148, the vehicle control-
ler 228, and/or one or more other components of the vehicle
system 202 at least partly 1n response to the mput received
from the passenger. Additionally, in some examples the
request may 1nclude the unique identifier corresponding to
the vehicle 102a from which the request 1s recerved (e.g., the
requesting vehicle 102a).

At 806, the example method 800 may include accessing,
with the computing device 160 and/or other components of
the remote vehicle control system 154, road network data
stored 1n, for example, a road network data store. The road
network data may be based at least 1n part on a location of
the vehicle 102a. In some examples, this may include global
and/or local map data that may be stored and/or updated by
the vehicle 102a and/or by the remote control center 156.
Such road network data may include, among other things,
data related to a global or local map of at least a portion of
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the road network 104 at which the vehicle 102qa 1s located.
The road network data may include, for example, one or
more maps illustrating the various roads 106 that may be
available for the vehicle 1024 to reach the destination 124
from the current location of the requesting vehicle 102a.

At 808, the example method 800 may include determin-
ing, at the computing device 160 and/or other components of
the remote vehicle control system 154, a set of modified
parameters for operating the requesting vehicle 1024 as the
requesting vehicle 102q travels within the road network 104
to the destination 124. For example, under normal operating
conditions (e.g., non-preferential travel conditions), each of
the vehicles 102 may be controlled by the respective vehicle
controllers 228 to operate according to nominal operating
parameters governing movement of the respective vehicles
102 within the road network 104. In some embodiments, the
requesting vehicle 102¢ may be permitted and, 1n some
situations, required to operate, within the road network 104,
in accordance with a first set of nominal operating param-
cters, while a second vehicle 10256 may be permitted and, 1n
some situations, required to operate, within the road network
104, 1n accordance with a second set of nominal operating
parameters. In some examples (e.g., in normal operating
conditions), the first set of nominal operating parameters
may be the same as the second set of nominal operating
parameters, while 1n other examples the first set of nominal
operating parameters may be different from the second set of
nominal operating parameters. In any of the embodiments
described herein, such sets of nominal operating parameters
may include a speed threshold below which a respective one
of the vehicles 102 may be permitted and, 1n some situations,
required to operate, a drive line 146 along which the one of
the vehicles 102 may be permitted and, in some situations,
required to travel, a drive envelope 138 along which or
within which the one of the vehicles 102 may be permitted
and, 1n some situations, required to travel, tratlic rules with
which the one of the vehicles 102 must abide, and/or other
rules or limitations for operating the one of the vehicles 102.
In some examples, the first and second sets of nominal
operating parameters may be generated and/or otherwise
determined by the remote vehicle system 154, and may be
provided to the respective vehicles 102a, 1025 for operation
thereol within the road network 104.

Accordingly, in examples in which the first vehicle 102qa
1s operating in accordance with the first set of nominal
operating parameters described above and in which the
second vehicle 1026 1s operating in accordance with the
second set of nominal operating parameters, at 808 the
remote vehicle control system 154 may determine a third set
ol parameters (e.g., a set of one or more modified param-
cters) for operating the first vehicle 102q. The remote
vehicle control system 154 may determine such a third set of
parameters based at least partly on the request received at
804 and on the sensor data included in the sensor signals
received at 802. Additionally, the third set of parameters
determined at 808 may be at least partly less restrictive than
the first set of nominal operating parameters governing
normal operation of the first vehicle 102a4. For example,
where the first set of nominal operating parameters may
define and/or otherwise include a first speed threshold below
which the first vehicle 102a 1s permitted and/or required to
operate, the third set of modified parameters determined at
808 may include a second speed threshold greater than the
first speed threshold, thereby enabling the first vehicle 102qa
to travel at a higher speed. As another example, where the
first set of nominal operating parameters may define and/or
otherwise include a first strut setting, suspension setting,
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brake pressure setting, turbo setting, engine tuning configu-
ration, and/or other vehicle parameter associated with nor-
mal and/or non-preferential travel, the third set of modified
parameters may define and/or otherwise include a second
strut setting, suspension setting, brake pressure setting, turbo
setting, engine tuning configuration, and/or other vehicle
parameter setting causing the first vehicle 1024 to operate in
a modified drive mode (e.g., a preferential travel mode, an
emergency mode, etc.). In such a modified drive mode, the
first vehicle 102a may be caused to operate 1n accordance
with preferences or other settings of one or more passengers
riding in the first vehicle 102a4. For example, the first
suspension setting of the first set of nominal operating
parameters may cause a strut or other suspension component
of the first vehicle 102a to operate with a first level of
sensitivity, and the second suspension setting of the third set
of modified parameters may cause such a suspension coms-
ponent of the first vehicle 102a to operate with a second
level of sensitivity greater than the first level of sensitivity.

As a further example, and as illustrated 1n at least FIGS.
7a and 7b, where the first set of nominal operating param-
cters may be consumed by the path calculator 214 of the first
vehicle 102a to define and/or otherwise determine a first
drive envelope 138a (having a first drive envelope width
142a) along which or within which the first vehicle 102q 1s
permitted and/or required to travel, the third set of modified
parameters determined at 808 may be consumed by the path
calculator 214 of the first vehicle 102a to define and/or
otherwise determine a fourth drive envelope 1384 (having a
fourth drive envelope width 1424) and/or a prioritized path
708 along which or within which the first vehicle 102a 1s
permitted and/or required to travel. In such examples, the
fourth drive envelope width 1424 may be greater than the
first drive envelope width 142a, thereby expanding the area
of the road 106 within which the first vehicle 102a may
travel in order to reach the destination 124.

As noted above, the path calculator 214 of the first vehicle
102a may determine the fourth drive envelope 1384 and/or
the prioritized path 708 based at least partly on the set of
parameters determined at 808. Alternatively, 1n some
examples, at 808 the computing device 160 and/or other
components of the remote vehicle control system 154 may
determine a prioritized path 708 extending from the first
vehicle 102a to the destination 124 based at least partly on
the request received at 804 and on the road network data
received at 806. In any of the examples described herein, the
first vehicle 102a may be caused to travel along the priori-
tized path 708, and the prioritized path 708 may be defined,
at least 1n part, by the fourth drive envelope 1384 described
above may include and/or define such a prioritized path 70.

At 810, the example method 800 may include determin-
ing, at the computing device 160 and/or other components of
the remote vehicle control system 154, one or more addi-
tional sets of modified parameters governing the operation
ol various remaiming vehicles traversing the road network
104. For example, as noted above the second vehicle 1025
may be caused to operate 1n accordance with a second set of
nominal operating parameters. In such examples, at 810 the
remote vehicle control system 154 may determine a fourth
set of modified parameters for operating the second vehicle
1025. The remote vehicle control system 154 may determine
the fourth set of parameters based at least partly on the
request received at 804 and on the sensor data included in
the sensor signals received at 802. Additionally, the fourth
set of parameters determined at 810 may be at least partly
more restrictive than the second set of parameters governing,
operation of the second vehicle 1025.

10

15

20

25

30

35

40

45

50

55

60

65

32

For example, where the second set of nominal operating
parameters may define and/or otherwise include a third

speed threshold below which the second vehicle 1025 1s

permitted and/or required to operate, the fourth set of
modified parameters determined at 810 may include a fourth

speed threshold less than the third speed threshold, thereby

requiring the second vehicle 1025 to travel at a lower speed.
As another example, where the second set of nominal
operating parameters may define and/or otherwise include a
third strut setting, suspension setting, brake pressure setting,
turbo setting, engine tuning configuration, and/or other
vehicle parameter, the fourth set of modified parameters
determined at 810 may define and/or otherwise include a
fourth strut setting, suspension setting, brake pressure set-
ting, turbo setting, engine tuning configuration, and/or other
vehicle parameter setting causing the second vehicle 1025 to
operate 1n a relatively more relaxed or refined drive mode.
For example, the third suspension setting of the second set
of nominal operating parameters may cause a strut or other
suspension component of the second vehicle 1025 to operate
with a third level of sensitivity, and the fourth suspension
setting of the fourth set of modified parameters determined
at 810 may cause such a suspension component of the
second vehicle 1026 to operate with a fourth level of
sensitivity less than the third level of sensitivity.

As a further example, and as 1llustrated 1n at least FIGS.
7a and 7b, where the second set of nominal operating
parameters may be consumed by the path calculator 214 of
the second vehicle 1025 to generate and/or otherwise deter-
mine a second drive envelope 13856 (having a second drive
envelope width 1426) along which or within which the
second vehicle 1025 1s permitted and/or required to travel,
the fourth set of modified parameters determined at 810 may
be consumed by the path calculator 214 of the second
vehicle 1026 to generate and/or otherwise determine a fifth
drive envelope 138¢ (having a fifth drive envelope width
142¢) along which or within which the second vehicle 1025
1s permitted and/or required to travel. In such examples, the
fifth drive envelope width 142¢ may be less than the second
drive envelope width 1425, thereby reducing the area of the
road 106 within which the second vehicle 1025 may travel.
In any of the examples described herein, the fourth set of
parameters determined at 810 governing operation of the
second vehicle 1026 may also be at least partly more
restrictive than the third set of parameters determined at 808
governing prelferential travel of the first vehicle 102a.

As noted above, the path calculator 214 of the second
vehicle 1026 may determine the fifth drive envelope 138e
based at least partly on the set of parameters determined at
810. Alternatively, 1n some examples, the computing device
160 and/or other components of the remote vehicle control
system 154 may determine one or more additional drive
envelopes based at least partly on the request received at 804
and/or based at least partly on the road network data
accessed at 806. Example first, second, and third drive
envelopes 138, 406, 408 are described above with respect to
FIGS. 4a and 4b. Additionally, example first second, and
third drive envelopes 138, 506, 508 are described above with
respect to FIGS. Sa and 5b, and various drive envelopes are
also described above with respect to FIGS. 6a, 6b, 7a, and
7b. In any of the examples described herein, a second and/or
additional drive envelope determined at 810 may maintain a

corresponding second vehicle 1025 and/or an additional one
of the vehicles 102 outside of one or more trajectories

(determined at 808) defining the drive line 146 of the
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requesting vehicle 102a as the requesting vehicle 1024
travels to the particular destination 124 along a prioritized
path.

At 812, the example method 800 may include providing,
with the computing device 160 and/or other components of
the remote vehicle control system 134, a first command
signal to at least the requesting vehicle 102a. For example,
at 812 the computing device 160 may generate a {irst
command signal including the set of modified parameters
determined at 808. As noted above, such a set of parameters
may include information indicative of one or more trajec-
tories, a drive line, a prioritized path, one or more drive
envelopes, a speed threshold, a suspension setting, and/or
other rules or vehicles operating parameters. At 812, the
computing device 160 may transfer, send, and/or otherwise
provide the first command signal to the requesting vehicle
102a via the network 152 and using, for example, the
transmitter 306. Additionally, the network interface 234 of
the first vehicle 1024 may receive the first command signal
at 812, and the first command signal may cause the first
vehicle 102a to operate 1n accordance with the set of
modified parameters determined at 808. For example, the
vehicle controller 228 may consume and/or otherwise pro-
cess the first command signal received at 812, and the path
calculator 214 of the requesting vehicle 102a¢ may generate
and/or otherwise determine a drive envelope defining, at
least 1n part, a prioritized path extending from the requesting
vehicle 102q to the destination 124 based at least in part on
the set of modified parameters included 1n the first command
signal. The vehicle controller 228 of the requesting vehicle
102a may also cause the requesting vehicle 102a to travel
along and/or within the drive envelope when traveling along
the prioritized path. In traveling within the drive envelope,
the vehicle controller 228 may, in some examples, cause the
requesting vehicle 102a to move from a first lane 110q to a
second lane 11054, or vice versa. The vehicle controller 228
may also cause the requesting vehicle 102a to make one or
more turns, accelerate, decelerate, and/or perform one or
more additional vehicle maneuvers 1n causing the requesting,
vehicle 102q to travel within the drive envelope and/or along,
the prioritized path at 812. Additionally or alternatively,
causing the first vehicle 102a to operate 1n accordance with
the set of modified parameters included 1n the first command
signal may cause the first vehicle 1024 to accelerate from a
first speed to a second speed greater than a first speed. The
first command signal provided at 812 may also cause a
suspension component of the first vehicle 102a to operate
with an increased level of sensitivity. Further, the first
command signal provided at 812 may cause the first vehicle
102a to travel within an expanded drive envelope and/or to
operate within an increased speed threshold.

At 814, the example method 800 may include providing,
with the computing device 160 and/or other components of
the remote vehicle control system 154, a second command
signal to a second vehicle 1026 and/or to at least one of the
remaining vehicles 102 traversing the road network 104. For
example, at 814 the computing device 160 may generate a
second command signal including the set of modified
parameters determined at 810. Such a set of parameters may
include information indicative of a path, drive envelope,
speed threshold, suspension setting, and/or other rules or
vehicle operating parameters. In some examples, the second
command signal may also include mformation indicative of
the one or more trajectories, drive line, drive envelope,
prioritized path, and/or other modified parameters deter-
mined at 808. In still further examples, the second command
signal may also include additional information such as, for
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example, the unique 1dentifier associated with the requesting
vehicle 102a, unique identifiers associated with one or more
of the remaining vehicles 102 traversing the road network
104, weather conditions, road conditions, trafhic conditions,
and/or other parameters associated with the road network
104. At 814, the computing device 160 may transier, send,
and/or otherwise provide the second command signal to at
least the second vehicle 1025 via the network 152 and using,
for example, the transmitter 306. In some examples, at 814
the computing device 160 may also transfer, send, and/or
otherwise provide the second command signal to the
requesting vehicle 102a via the network 152.

At 814, the vehicle controller 228 of, for example, the
second vehicle 1026 may receive the second command
signal, and the second command signal may cause the
second vehicle 1025 to operate 1n accordance with the set of
modified parameters determined at 810. For example, the
vehicle controller 228 of the second vehicle 1026 may
consume and/or otherwise process the second command
signal received at 814, and the path calculator 214 of the
second vehicle 10256 may generate and/or otherwise deter-
mine a drive envelope 406 (F1G. 4b) based at least partly on
the set of modified parameters included in the second
command signal. The vehicle controller 228 of the second
vehicle 10256 may cause the second vehicle 1025 to travel
within the drive envelope 406. In traveling within the drive
envelope 406, the vehicle controller 228 of the second
vehicle 10256 may, 1n some examples, cause the second
vehicle 1025 to move from a first lane 110a to a second lane
1105, or vice versa. The vehicle controller 228 of the second
vehicle 1026 may also cause the second vehicle 10256 to
make one or more turns, accelerate, decelerate, and/or
perform one or more additional vehicle maneuvers in caus-
ing the second vehicle 1026 to travel within the drive
envelope. In particular, the vehicle controller 228 of the
second vehicle 1025 may control the second vehicle 1025 to
remain outside of one or more drive envelopes and/or
trajectories (determined at 808) defining the drive line 146
of the requesting vehicle 102aq as the requesting vehicle
102a travels to the particular destination 124 along a pri-
oritized path. Additionally or alternatively, causing the sec-
ond vehicle 1025 to operate in accordance with the set of
modified parameters included 1n the second command signal
may cause the second vehicle 1025 to decelerate from a first
speed to a second speed less than the first speed. Further, the
second command signal provided at 814 may cause the
second vehicle 1025 to travel within narrowed and/or oth-
erwise reduced drive envelope and/or to operate within a
reduced speed threshold.

At 814, the method 800 may also include providing at
least some of the information included 1n the various com-
mand signals via the preferential travel output device 150 of
the respective vehicles 102. For example, the vehicle con-
troller 228 of the second vehicle 1026 may consume and/or
otherwise process the second command signal received at
814, and the vehicle controller 228 of the second vehicle
1026 may cause the display and/or other components of the
preferential travel output device 150 to display at least part
of the prioritized path (e.g., the prioritized path 604 1llus-
trated 1n FIG. 6b), the drive envelope (e.g., the fourth drive
envelope 1384 illustrated i FIG. 75), the drive line (e.g., the
drive line 146 illustrated in FIG. 5b), one or more corre-
sponding trajectories, and/or other parameters or sets of
parameters. In such examples, the priornitized path 604
and/or the fourth drive envelope 1384 may be displayed on
and/or with a map or other like illustration of the road 106.
In such examples, at least part of the road network 104, the
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destination 124, and/or other portions of the environment
100 may also be displayed via the preferential travel output
device 150. Additionally or alternatively, at least one of the
requesting vehicle 102a, the second vehicle 1025, the one or
more remaining vehicles 102 traversing the road network
104, an additional drive envelope (e.g., the drive envelope
710 1llustrated 1n FIG. 7b), the unique identifier and/or other
information 1dentifying at least one of the vehicles 102 (e.g.,
the requesting vehicle 102a), and/or one or more of the
modified parameters determined at 808 or 810 may also be
displayed and/or otherwise provided. It 1s understood that
such information provided by the preferential travel output
device 150 may be updated 1n substantially real time and, the
preferential travel output devices 150 1n each of the respec-
tive vehicles 102 may provide similar and/or the same
information.

In any of the examples described herein, the first, second,
and/or corresponding additional command signals of the
present disclosure may maintain the second vehicle 1025
and/or any of the additional vehicles 102 traversing the road
network 104 outside of one or more drive envelopes and/or
trajectories of the requesting vehicle 1024 as the requesting,
vehicle 1s traveling along a prioritized path to the destination
124. As noted above, such trajectories may define a drive
line 146 of the requesting vehicle 102a, and the drive line
146 may be included 1n and/or may otherwise define a drive
envelope 138 of the requesting vehicle 102a. Such a drive
envelope 138 may be included in and/or may define at least
part of the prioritized path. In this way, the methods and
systems of the present disclosure may be used to provide a
requesting vehicle 102a with a prioritized path that extends
from the requesting vehicle 1024 to the destination 124. As
a result, the methods and systems of the present disclosure
may enable passengers of vehicles (e.g., passengers of
driverless vehicles) to travel to such a destination in an
expedited manner 1n case of emergencies and/or other time-
sensitive situations, and such methods and systems may
improve passenger satistaction. Such methods and systems
may also result 1n reduced congestion or traflic 1n the road
network 104 and may, thus, result 1n more eflicient usage of
the roads 106, lanes 110, and/or other portions of the road
network 104.

It should be appreciated that the subject matter presented
herein may be implemented as a computer process, a com-
puter-controlled apparatus, a computing system, or an article
of manufacture, such as a computer-readable storage
medium. While the subject matter described herein is pre-
sented 1 the general context of program modules that
execute on one or more computing devices, those skilled 1n
the art will recognize that other implementations may be
performed in combination with other types of program
modules. Generally, program modules include routines, pro-
grams, components, data structures, and other types of
structures that perform particular tasks or implement par-
ticular abstract data types.

Those skilled 1n the art will also appreciate that aspects of
the subject matter described herein may be practiced on or
in conjunction with other computer system configurations
beyond those described herein, including multiprocessor
systems, microprocessor-based or programmable consumer
clectronics, minicomputers, mainframe computers, hand-
held computers, mobile telephone devices, tablet computing,
devices, special-purposed hardware devices, network appli-
ances, and the like.

Although the subject matter presented herein has been
described 1n language specific to computer structural fea-
tures, methodological acts, and computer readable media, it
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1s to be understood that the invention defined in the
appended claims 1s not necessarily limited to the specific
features, acts, or media described herein. Rather, the specific
features, acts, and media are disclosed as example forms of
implementing the subject matter recited 1n the claims.

The subject matter described above 1s provided by way of
illustration only and should not be construed as limiting.
Furthermore, the claimed subject matter 1s not limited to
implementations that solve any or all disadvantages noted 1n
any part ol this disclosure. Various modifications and
changes may be made to the subject matter described herein
without following the examples and applications 1llustrated
and described, and without departing from the spirit and
scope of the present invention, which 1s set forth in the
following claims.

What 1s claimed 1s:

1. A method, comprising:

operating an autonomous vehicle 1n an environment 1n a
first travel mode, the first travel mode associated with
a first set of parameters;

sending, to a remote computing device via a network, a
request for preferential travel from a location of the
autonomous vehicle and information indicative of the
location;

receiving a signal to operate the autonomous vehicle 1n a

second travel mode, wherein the signal 1s determined
based at least 1n part on the request, and wherein the
second travel mode being associated with a second set
of parameters diflerent from the first set of parameters;
and

operating the autonomous vehicle based at least 1n part on

the second set of parameters.

2. The method of claim 1, wherein the first set of
parameters or the second set of parameters comprises one or
more of: a maximum speed, a trajectory, a drive line, or a set
of traflic rules.

3. The method of claim 1, wherein operating the autono-
mous vehicle based at least in part on the second set of
parameters comprises controlling the autonomous vehicle to
at least one of:

move from a first road lane to a second road lane, or

accelerate from a first speed to a second speed greater than

the first speed.

4. The method of claim 1, further comprising causing,
based at least 1n part on the request, an additional autono-
mous vehicle 1n the environment to receive a third set of
parameters and to remain outside a path of the autonomous
vehicle.

5. The method of claim 4, wherein the third set of
parameters comprises one or more of a maximum speed, a
trajectory, a drive line, or a set of trathic rules for the
additional autonomous vehicle to follow 1n the environment.

6. The method of claim 1, wherein the request 1s generated
in response to an iput recerved from a passenger of the
autonomous vehicle and via an mput device.

7. The method of claim 1, wherein the second set of
parameters 1s based at least in part on road network data
associated with a current location of the autonomous
vehicle, the road network data comprising one or more of:

an indication of a lane width,

a speed limit,

a tratlic rule,

a tratlic signal,

a road network, or

a map.
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8. The method of claim 1, wherein at least one of:

the first set of parameters includes at least one of a first
speed limit and the second set of parameters includes at
least one of a second speed limit which 1s different than
the first speed limit,

the first set of parameters includes a first suspension

setting and the second set of parameters includes a
second suspension setting that 1s different than the first
suspension setting, or

the first set of parameters includes a first path having a

first path width and the second set of parameters
includes a second path having a second path width that
1s different than the first path width.

9. A system comprising:

one or more processors; and

one or more non-transitory computer-readable media stor-

ing instructions executable by the one or more proces-

sors, wherein the instructions configure the system to:

operate an autonomous vehicle in an environment 1n a
first travel mode, the first travel mode associated
with a first set of parameters;

send, to a remote computing device via a network, a
request for preferential travel from a location of the
autonomous vehicle and information indicative of
the location;

receive a signal to operate the autonomous vehicle 1n a
second travel mode, wherein the signal 1s determined
based at least 1n part on the request, and wherein the
second travel mode being associated with a second
set of parameters different from the first set of
parameters; and

operate the autonomous vehicle based at least in part on
the second set of parameters.

10. The system of claim 9, wherein the first set of
parameters or the second set of parameters comprise one or
more of: a speed limit, a drive envelope width, a set of tratlic
rules, or a suspension setting.

11. The system of claim 9, wherein the 1nstructions further
coniigure the system to receive an input {from a passenger of
the autonomous vehicle indicative of the request.

12. The system of claim 9, wherein:

the first set of parameters includes a first suspension

setting,
the second set of parameters includes a second suspension
setting different from the first suspension setting, and

operating the autonomous vehicle based at least in part on
the second set of parameters comprises operating a
suspension component of the autonomous vehicle
according to the second suspension setting.

13. The system of claim 9, wherein:

the first set of parameters defines a first path having a first

width, and

the second set of parameters defines a second path having

a second width different from the first width of the first
path.

14. The system of claim 9, wherein the 1nstructions further
configure the system to:

receive road network data corresponding to a current

location of the autonomous vehicle, and

wherein the second set of parameters 1s further based at

least 1n part on the road network data and the road
network data comprises one or more of:

an 1ndication of a lane width,

a speed limat,

a traffic rule,

a traflic signal,
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a road network, or

a map.

15. The system of claim 9, wherein to operate the autono-
mous vehicle based at least in part on the second set of
parameters comprises controlling the autonomous vehicle to
at least one of:

move from a first road lane to a second road lane, or

accelerate from a first speed to a second speed greater than

the first speed.

16. The system of claim 9, wherein the 1nstructions further
configure the system to cause, based at least 1n part on the
request, an additional autonomous vehicle 1n the environ-
ment to receive a third set of parameters and to remain
outside a path of the autonomous vehicle.

17. An autonomous vehicle 1n communication with a
remote computing device via a network, the autonomous
vehicle comprising:

a network interface configured to:

provide, to the remote computing device via the net-
work, a request for preferential travel from a location
of the autonomous vehicle and information indica-
tive of the location; and

receive a signal to operate the autonomous vehicle 1n a
second travel mode, wherein the signal 1s determined
based at least in part on the request; and

a vehicle controller configured to:

operate the autonomous vehicle in accordance with a
first set of parameters associated with a first travel
mode prior to the request for the second travel mode
being provided; and

operate the autonomous vehicle in accordance with a
second set of parameters diflerent from the first set of
parameters based at least in part on the signal being
received.

18. The autonomous vehicle of claim 17, wherein

operating the autonomous vehicle 1n accordance with the

first set of parameters causes the autonomous vehicle to
travel within a first corridor of a road network, the first
corridor having a first envelope width, and

operating the autonomous vehicle 1n accordance with the

second set of parameters by the vehicle controller
causes the autonomous vehicle to travel within a sec-
ond corridor of the road network, the second corridor
having a second envelope width greater than the first
envelope width.

19. The autonomous vehicle of claim 17, wherein:

the first set of parameters specifies a first region in which

the vehicle controller 1s permitted to control the autono-

mous vehicle to operate,

the second set of parameters specifies a second region 1n

which the vehicle controller 1s permitted to control the

autonomous vehicle to operate,

the second region being different than the first region, and

the first set of parameters or the second set of parameters

comprise one or more of a speed limit, a set of traflic
rules, a suspension setting, or a drive envelope wadth.

20. The autonomous vehicle of claim 17, wherein oper-
ating the autonomous vehicle 1n accordance with the second
set of parameters causes the autonomous vehicle to at least
one of:

move from a first road lane to a second road lane di

from the first road lane,

accelerate from a first speed to a second speed greater than

the first speed, or

adjust a suspension of the autonomous vehicle.
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